Office de la Proprieté Canadian CA 2432900 C 2007/09/11

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 432 900
Findustrie Canada Industry Canada a2 BREVET CANADIEN
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2001/12/19 (51) CLInt./Int.Cl. A67K 9/76 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2002/06/27 ABTK 4//34(2000.01), AGTK 9/50(2000.01)
- . (72) Inventeur/Inventor:
(45) Date de délivrance/lssue Date: 200/7/09/11 ALBAYRAK CELAL DE
(85) Entréee phase nationale/National Entry: 2003/06/19 L
(73) Proprietaire/Owner:
(86) N demande PCT/PCT Application No.: US 2001/050105 ALRISE BIOSYSTEMS GMBH, DE

(87) N° publication PCT/PCT Publication No.: 2002/049619 (74) Agent: GOWLING LAFLEUR HENDERSON LLP

(30) Priontes/Priorities: 2000/12/21 (US60/257,527),;
2001/06/21 (US60/300,021)

(54) Titre : PROCEDE DE TRANSITION DE PHASE INDUITE PERMETTANT DE PRODUIRE DES MICROPARTICULES
CONTENANT DES AGENTS ACTIFS HYDROPHILES

(54) Title: INDUCED PHASE TRANSITION METHOD FOR THE PRODUCTION OF MICROPARTICLES CONTAINING
HYDROPHILIC ACTIVE AGENTS

Schematic of Induced Phase Transition Method

- . — A, -

Drug Solution

30—~ 10
Surfactant Solution Polymer Solution
Microparticle Suspension
(57) Abréegée/Abstract:

Microparticles and a method for their production Is described. The process of the present invention provides a simple, quick, and
efficient one-pot process for the production of microparticles containing a hydrophilic active agent of various and uniform

morphologies, Including microcapsules, microspheres, and microsponges. The microparticles are preferably used for
pharmaceutical applications.

ek N [ [ [T
R SN ] ] 7 ]
AN 7 7 7 ]
N NS /P T C I P O

R A A
o }\}\-s\\:‘.‘\'\\n. . . -
Al et s ST ML orn \\Q'
" AT NN e .
av .;223‘;%,:‘:-;-:-:-:;‘5’ o A \Q&\HQ\\
AR e e T
N e TN Ty

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




CA 02432900 2003-06-19

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date (10) International Publication Number
27 June 2002 (27.06.2002) PCT WO 02/049619 A3
(51) International Patent Classification”: A61K 9/16 (74) Agents: RAFA, Michael, J. et al.; Inhale Therapeutic Sys-
tems, Inc., 150 Industrial Road, San Carlos, CA 94070
(21) International Application Number: PCT/US01/50105 (US).
(22) International Filing Date: (81) Designated States (national): AE, AG, AL, AM, AT, AU,
19 December 2001 (19.12.2001) AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,

CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,

GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, L.C,

LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,

o , MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG,

(26) Publication Language: English SI SK. SL. TJ. TM. TN. TR. TT, TZ. UA. UG. US. UZ.
VN, YU, ZA, ZM, ZW.

(25) Filing Language: English

(30) Priority Data:

60/257,527 21 December 2000 (21.12.2000)  US  (84) Designated States (regional): ARIPO patent (GH, GM,
60/300,021 21 June 2001 (21.06.2001) US KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW)
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

(71) Applicant (for all designated States except US): INHALE European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR,
THERAPEUTIC SYSTEMS, INC. [US/US]; 150 Indus- GB, GR, IE, IT, LU, MC, NL, PT, SE, TR), OAPI patent

trial Road, San Carlos, CA 94070 (US). (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR,

NE, SN, TD, TG).
(72) Inventor; and
(75) Inventor/Applicant (for US only): ALBAYRAK, Celal Published:
[DE/DE]; Pelargonienweg 52, 81377 Munich (DE). —  Wwith international search report

[Continued on next page/

(54) Title: INDUCED PHASE TRANSITION METHOD FOR THE PRODUCTION OF MICROPARTICLES CONTAINING HY -
DROPHILIC ACTIVE AGENTS

Schematic of Induced Phase Transition Method

- 20
Drug Solution
30— - 10
Surfactant Solution Polymer Solution

<

0 040 08 4—5°
o %% 9 g
O 0200 ™~ 40
-~ OOO O O
g 00~¥o O
3 Microparticle Suspension
—

(57) Abstract: Microparticles and a method for their production is described. The process of the present invention provides a simple,
O quick, and efficient one-pot process for the production of microparticles containing a hydrophilic active agent of various and uniform
a morphologies, including microcapsules, microspheres, and microsponges. The microparticles are preferably used for pharmaceutical
applications.




CA 02432900 2003-06-19

WO 02/049619 A3 LRV AA 0K A0 0 AR A0 AL 0 0 1

—  before the expiration of the time limit for amending the For two-letter codes and other abbreviations, refer to the "Guid-
claims and to be republished in the event of receipt of ance Notes on Codes and Abbreviations” appearing at the begin-
amendments ning of each regular issue of the PCT Gazette.

(88) Date of publication of the international search report:
5 December 2002



10

15

20

23

30

CA 02432900 2003-06-19
WO 02/49619 PCT/US01/50105

INDUCED PHASE TRANSITION METHOD
FOR THE PRODUCTION OF MICROPARTICLES
CONTAINING HYDROPHILIC ACTIVE AGENTS

Field of the Invention

This invention is directed to a process for the production of microparticles containing a
water-soluble biologically active agent including peptides, proteins, DNA plasmids, or other
active agent, as well as the microparticles produced by this process. Microparticles of varying
morphologies can be produced, such as microcapsules, microspheres, and microsponges.
According to the invention, a simplified one-pot process for producing such microparticles 1s

provided.

Background of the Invention

There are numerous bioengineered peptide and protein drugs currently on the market or
undergoing clinical trials, including hormones, growth factors, cytokines, monoclonal antibodies,

and proteins to block infectious diseases. Their efficacy, however, is strongly restricted and their

bioavailability strongly compromised during oral administration because of their sensitivity to

hydrolysis in the acid environment of the stomach and by enzymatic degradation. Proteins are
large molecules that cannot be administered orally because of enzymatic breakdown and are, for
the most part, too large to be delivered efficiently by a transdermal patch. They also sutfer from
the fact that they are relatively unstable and have short half-lives in vivo. These difficulties have
required protein drugs to be given either by constant infusion or frequent injection, forms ot
administration that limit their acceptability by physicians and patients.

Appropriate formulations that avoid the above-mentioned problems include depot
systems in the form of polymer microparticles which are also widely known for peptides and
proteins and are described in the literature. These depot systems possess the advantage that they
protect peptides, proteins and other biologically active substances from rapid deactivation and,
because of this, preserve their pharmacological efficacy and thus permit administration in low

doses. Additional advantages of these formulations include a reduction in undesired side effects,
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due to the ability to provide lower doses; reduction in the total number of administrations; and
the potential for controlled as well as targeted release of the active agents.
Known methods for micro- or nanoencapsulation of active agents including peptides and

proteins can be summarized as follows:

I. Solvent Evaporation

Solvent evaporation involves the diséolving of the polymer in an organic solvent which
contains either dissolved or dispersed active agent. The polymer/active agent mixture is then
added to an agitated continuous phase which is typically aqueous. Emulsifiers are included in the
aqueous phase to stabilize the oil-in-water emulsion. The organic solvent is then evaporated over
a period of several hours or more, thereby depositing the polymer around the core material. The
solvent evaporation procedure is disclosed in U.S. Pat. Nos. 4,389,330 .

However, the solvent evaporation technique is often not preferred because active
ingredient 1s often lost during the solvent extraction process. This 1s because the process involves
emulsification into an aqueous phase, and a water soluble drug will often rapidly partition from
the more hydrophobic polymer-solution phase into the aqueous surroundings.

Encapsulation by the solvent evaporation process also leads to the production of
microspheres. The active ingredient to be encapsulated is traditionally dispersed in a solution of
polymer in a volatile organic solvent. This phase is emulsified by means of a surface-active agent
in a non-miscible dispersing medium (water or mineral oil). The organic solvent evaporates with
stirring. After the evaporation, the microspheres are recovered by filtration or centrifugation.

The advantages of the technique are the absence of toxic solvents such as heptane, and
the absence of agglomeration of the microspheres. Solvent evaporation is simpler, more flexible
and easier to industrialize than other processes such as phase separation or coacervation, and it
makes it possible to use reduced amounts of solvent.

Traditionally, solvent evaporation is primarily applied to the encapsulation of lipophilic
substances such as steroids and nitrosoureas. The microencapsulation of hydrophilic active
ingredients requires the use of an apolar dispersing phase such as a mineral o1l. Acetone/paratfin
systems are conventionally used. However, the levels of incorporation of the hydrophilic active
ingredient into the microspheres relative to the amounts employed in the process are fairly low

and, moreover, this system involves a limitation with respect to the types of polymers which may
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be used given that it requires the polymer to be soluble in acetone, which is the case with lactic
acid polymers, but which is not the case for lactic acid and glycolic acid copolymers. The
technique by emulsion/evaporation is therefore traditionally recognized as unsuitable for water-
soluble peptides and for all water-soluble substances.

Microparticles produced according to the solvent evaporation method are described in
two Canadian Patent Applications, CA 2,100,925 (Rhone-Merieux) and CA 2,099,941 (Tanabe
Seiyaku Co.). |

According to CA 2,099.941, the water-soluble active ingredient and the biodegradable
polymer are initially dissolved in a solvent or a solvent mixture. The solvent/solvent mixture is
then eliminated and the formed solid dispersion dissolved in another organic solvent immiscible
with water. The resulting solution (o1l phase) is emulsified in an aqueous phase so that a W/O
emulsion is formed. The organic solvent of the o1l phase 1s finally evaporated. Specitfic
examples cited in the patent describe the use of poly-(lactide-co-glycolide) polymer (PLGA) as
matrix and thyreotropin releasing hormone (TRH) or one of its derivatives as active principal.

The components are initially dissolved in a mixture of acetonitrile/ethanol and optionally
water, or only acetonitrile, or in a mixture consisting of acetonitrile and aqueous gelatin or
dichloromethane .and ethanol.

Organic solvents, like dichloromethane or chloroform, are used to dissolve the forming

solid dispersion. An aqueous polyvinyl alcohol solution represents the aqueous phase. The size
of the microparticles lies at a diameter from 1 to 100 um and, according to the specific examples,
at about 50 um to < 100 wm.

According to CA 2,100,925, microparticles of LHRH hormone and analogs are produced

by dispersal of the powdered LHRH hormone in two organic solvents, the one solvent
(dispersion solvent) permitting production of a homogeneous suspension by simple agitation.
The second solvent is readily miscible with water and therefore makes microdispersion of the

organic phase in the aqueous phase possible. Dichloromethane or, as an alternative, chloroform
is used as second solvent. The microparticles have a diameter from 1-250 pm. The
microparticles are preferably larger than 50-60 pm.

The morphology of the microparticles so produced is again very nonhomogeneous. As
already mentioned above, the employed halogenated solvents are also toxicologically

objectionable. This method also requires large amounts of surfactants.

3
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II. Phase Separation

Another technique which can be used to form microparticles is phase separation, which
involves the formation of a water-in-oil emulsion or oil in water emulsion. The polymer 1s
precipitated from the continuous phase onto the active agent by a change in temperature, pH,
ionic strength or the addition of precipitants. Again, this process suffers primarily from loss of
active mngredient due to denaturation.

Consequently, the use of phase separation for production of microparticles may be better
suited for the formulation of microparticles containing more water soluble compounds,
particularly water-soluble polypeptides. Phase separation methods of microparticle preparation
allow a more efficient incorporation of drugs and can easily be scaled up for industrial purposes.
The process of phase separation usually employs an emulsion or a suspension of the drug
particles in a solution of a high molecular weight polymer and an organic polymer solvent. A
non-solvent is then added to the suspension or emulsion, causing the polymer to separate from
solution and to encapsulate the suspended drug particles or droplets containing them. The
resulting microparticles (which are still swollen with solvent) are then normally hardened by a
further addition of a non-solvent or by some other process which strengthens and improves the
properties of the microparticles.

First, the product to be encapsulated is dispersed in the solution of a polymer intended to
subsequently form the matrix of the microcapsules. Secondly, the coacervation of the polymer is
induced by a physico-chemical modification of the reaction medium, in particular by means of a
phase separation inducing agent. Thirdly, coacervate droplets that form around the material to be

encapsulated are stabilized and solidified by means of a nonsolvent of the polymer, for example

heptane.

Pharmaceutical formulations of water-soluble peptides and proteins in microcapsule form
that were produced based on coacervation and emulsion phase separation are known from US
Patent Nos. 4,675,189, 4,675,800, 4,835,139, 4,732,763, and 4,897,268; U.K. Patent Application
No. 2,234,896; and EP 330,180 and EP 0 302 582 and by Ruiz et al. in the international Journal
of Pharmaceutics (1989) 49:69-77 and in Pharmaceutical Research (1990) 9:928-934.

Methods are described in these disclosures in which the employed copolymer, preferably
poly-(lactide-co-glycolide) polymer, is dissolved in a halogenated organic solvent, preferably

dichloromethane, and an aqueous peptide solution dispersed in this polymer solution. A so-
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called coacervation agent is then added. The coacervation agent is soluble in the employed
organic solvent, but the polymer 1s not, so that precipitation of the polymer occurs with
incorporation ot the dispersed polypeptides.

Silicone oil 1s ordinarily used as coacervation agent for phase separation. After addition
of silicone oil, a large amount of heptane must also be added, which produces curing of the
microcapsules. The encapsulation efficiency of this method 1s about 70% (US 4,835,139). The
microcapsules so produced have a diameter of 1-500 wm, according to the examples preferably
10-50 pm. '

The main disadvantage of this method 1s the use of large amounts of solvents with, in
addition to cost constraints, problems of toxicity linked to the solvents, such as heptane, used.
This 1s because the techniques by coacervation using heptane do not enable its complete removal.
A large amount of residual solvents, of the order of 5 to 10% of heptane, is observed in the
microspheres.

Independently of the above, it has also been observed that aggregates of microspheres
causing a high loss of yield in the production of these microspheres by this method and
sometimes requiring the total rejection of some batches which have thus become unusable, were
often produced. The tendency of the microspheres to aggregate causes additional difficulties at
the time of suspending the microspheres for injection, in the case of injectable microspheres.

Another disadvantage of the technique by phase separation is the nonhomogeneous
distribution of the active substance in the microspheres with irregular release, and in general a
first phase of accelerated release ("burst effect”). This 1s observed in particular when the active
substance is suspended in the polymer solution, in particular because it is not soluble in the
solvent for the polymer. This generally applies, for example, to polypeptides. Additionally,
problems include the formation of non-spherical particles, formation of particles that are not
smooth and have defects, the presence of large particles with a wide range of sizes, and the

presence of non-particulate material.

III. Double Emulsion
Another example of a process to form microparticles is shown in U.S. Pat. No. 3,523,906.
In this process a material to be encapsulated is emulsified in a solution of a polymeric material in

a solvent which is immiscible with water and then the emulsion is emulsified in an aqueous

5



10

15

20

23

30

CA 02432900 2003-06-19
WO 02/49619 PCT/US01/50105

solution containing a hydrophilic colloid. Solvent removal from the microcapsules is then
accomplished in a single step by evaporation and the product is obtained.

The double emulsion (W/O/W) and solvent evaporation method, is also disclosed in
Patent US 3,523,906 is for technical applications, and employs non-biodegradable polymers as
wall material (for example, polystyrene), which are dissolved in halogenated hydrocarbons
(dichloromethane or chloroform).

Patent US 5,330,767 describes the use of the W/O/W double emulsion and solvent
evaporation method disclosed in US 3,523,906 for pharmaceutical purposes. In contrast to the
method described in US 3,523,906, only biodegradable polymers are used here. Other double
emulsion process for microencapsulation are disclosed in EP 190,833 and WO 99/58112, and
U.S. Patent Nos. 5,648,095, 5,902,834, 4,954,298, 5,841,451, 4,917,893 and 4,652,441.

A serious shortcoming of these methods, however, is that the microparticles so produced
consist of a mixture of monolithic microspheres, microcapsulesand microsponges. In addition to
the limited encapsulation efficiency (30-60%), the nonhomogeneous morphology of the
microparticles has a significant effect on the release behavior of the product (R. Baker,
Controlled Release of Biologically Active Agents, A Wiley-Interscience Publicatioﬁs, 1987).
This simultaneously also hampers reproducibility of product quality.

Moreover, the process involves a complex multistep process, in which the specific effect
of individual process steps on product quality is uncertain, for which reason process optimization
is also difficult. The process is very time-intensive and requires large volumes of surfactant

solutions. Another shortcoming of the process is the use of solvents with high toxicological

potential (Henschler D., Angew. Chem. 106 (1994), 1997-2012).

IV. Spray Drying

Another method for production of biodegradable microparticles, in which water-soluble
peptides and proteins can be incorporated, described in EP 0 315 875 (Hoechst AG), is based on
the spray-drying process. In this process, an aqueous peptide or protein solution is emulsified in
an organic polymer solution and this emulsion is then spray-dried. Examples of other spray
drying processes are disclosed in U.S. Patent Nos. 5,648,096, 5,723,269, and 5,622.657.

A mixture of polyhydroxybuteric acid and poly(lactide co-glycolide) polymer in a mixing
ratio between 99:1 and 20:80 1is used as biodegradable polymer. The peptide/i)rotein is then in

6
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micronized form or in aqueous solution. Chloroform, dichloromethane, DMF or a solvent

mixture of water/ethanol/chloroform are considered as solvent. Chloroform is used in the

mentioned examples. Spray-drying preferably occurs at temperatures from 45°C to 95°C.

Shortcomings of this method include the low yield (45% of the theoretically possible) and
the high 1nitial burst effect. In addition, use of solvents, like dichloromethane and chloroform,
leads to toxicologically objectionable residual solvent contamination in the end product. Spray-
dried microparticles, in principle, also exhibit a strong tendency toward agglomeration, and
agglomerates with a diameter of up to 100 um often form.

In spray drying the polymer and the drug are mixed together in a solvent for the polymer.
The solvent is then evaporated by spraying the solution 1nto a drying chamber which is also
provided with a source of a drying agent. This results in polymeric droplets containing the drug.
However, sensitive substances such as proteins can be inactivated during the process due to the
elevated temperatures used and the exposure to organic solvent/air interfaces. Further
disadvantages include generation of high porosity due to rapid removal of the organic solvent. A
variation that has been introduced to avoid these shortcomings 1s the use of low temperature
during microsphere formation (US 5,019,400, WO 90/13780 and US 4,166,300). Microcépsules
have been prepared using spray coating of drug-containing microparticles with PLGA polymers
as described in US 4,568,559. °

Other examples of microencapsulation methods are known in the prior art. For example,
another example of a conventional prior art microencapsulation process i1s shown in U.S. Pat. No.

3,737,337 wherein a solution of a wall or shell forming polymeric material in a solvent is

- prepared. The solvent is only partially soluble in water. A solid or core material is dissolved or

dispersed in the polymer containing solution and thereafter in a single step, the core material
containing solution 1s dispersed in an aqueous liquid which is immiscible with the organic
solvent in order to remove solvent from the microcapsules. In still another process as shown in
U.S. Pat. No. 3,691,090 organic solvent is evaporated from a dispersion of microcapsules in an
aqueous medium in a single step, preferably under reduced pressure. Similarly, the disclosure of
U.S. Pat. No. 3,891,570 shows a method in which solvent from a dispersion of microcapsules in
polyhydric alcohol medium is evaporated from the microcapsules by the application of heat or by
bringing the microcapsules under reduced pressure. Another example of a one-step solvent

removal process 1S shown in U.S. Pat. No. 3,960,757.

7
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WO 97/19676 discloses a process for microencapsulation of hydrophilic active agents.
An aqueous active agent solution having a pH of 6.0-8.0 is added to a polymer solution. An
aqueous surfactant phase 1s then added to form microcapsules comprising an inner aqueous core
containing the active agent.

WO 99/20253 discloses a process for forming microparticles wherein a drug emulsion or
dispersion is injected into an aqueous polyethylene glycol (PEG) solution which acts as a
continuous phase and as an extraction medium. The solvent for the emulsion or dispersion should
be immiscible or essentially immiscible but slightly or very slightly soluble in the water/PEG
solution. Examples include ethyl acetate, dichlormethane, methyl ethyl ketone and methyl
isobutyl ketone alone or in combination. A high concentration of PEG is used to prevent
diffusion of active agent from the droplets/particles. The process requires several hours of mixing
to produce the microparticles.

Additional processes for producing microparticles are disclosed in U.S. Patent Nos.
6,291,013, 5,792,477, 5,643,605, 5,922,357, 6,309,569 and in PCT publications WO 99/59548
and WO 01/28591. Whatever the process, the drug release pattern for a microparticle 1s
dependent upon numerous factors. For example, the type of drug encapsulated and the form in
which it is present (i.e. liquid or powder) may affect the drugs release pattern. Another factor
which may affect the drug release pattern is the type of polymer used to encapsulate the :drug.
Other factors affecting the drug release pattern include the drug loading, the manner of
distribution in the polymer, the particle size and the particle shape. Despite numerous‘
modifications to the above processes to produce microparticles for pharmaceutical applications,
problems remain which reduce the etfectiveness and reproducibility of the microparticles

produced by these methods, particularly for use in controlled release delivery systems.

Definitions

As used herein, the term “drug phase” refers to the polymer / active agent-containing
phase formed during the manufacture of the microparticles according to the invention which
results from the addition of an active agent to the organic polymer solution existing prior to the
addition of the aqueous surfactant phase. The drug phase may be a solution, dispersion,

suspension, or emulsion.
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As used herein, the term “microcapsule” refers to a microparticle wherein a polymeric
wall encases a core consisting of an aqueous solution or suspension. In the case of microcapsules
encapsulating hydrophilic active agents, the core comprises an aqueous solution including the
active agent.

As used herein, the term “microparticle” refers to substantially spherical particles having
a mean diameter within about 20 nm to 1000 um and includes nﬁérocapsules, microspheres, and
MmICrosponges.

As used herein, the term “microsphere” refers to a microparticle wherein an active agent
1s embedded within a solid polymeric matrix

As used herein, the term “microsponge” refers to a microparticle wherein an active agent
1s embedded within a polymeric matrix comprising an open-cell structure

As used herein, the term “surfactant phase” refers to an aqueous solution having a
surfactant or mixture of surfactants dissolved therein with or without additional excipients.

As used herein, the term “volume fraction” refers to the volume of the referenced phase
with respect to the entire volume of material used to produce the suspension of microparticles
according to the invention. For example, the volume fraction of the aqueous surfactant phase is
the volume of aqueous surfactant phase divided by the volume total of the drug phase and

aqueous surtactant phase.

Summary of the Invention

The present invention provides a novel, simple and mild process for the encapsulation of
hydrophilic active agents in biodegradable polymers which avoids or reduces the disadvantages
seen in the prior art. The process produces non-agglomerating, microparticles in the size range
from 20 nm to 1,000 um at encapsulation efficiencies of greater than 85%, preferably greater
than 90% using toxicologically acceptable solvents. The process of the present invention
employs a minimal volume of surfactant solution resulting in a reduced production time
compared with other prior art processes. Additionally, the process according to the invention may
be readily scaled up to meet commercial-scale production needs as it provides a much simplified,
one-pot process compared to processes of the prior art. ‘

Additionally, the process according to the present invention provides greater control over

particle size distributions, allows for the production of microparticles having a desired, as well as
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more uniform morphology, and enables a reduction of the mixing energy required to obtain the
microparticles. Further, the present invention provides that a smaller amount of surfactant
solution 1s necessary to form the microparticle suspension compared to prior art processes
wherein the drug phase is typically injected into a large excess of surfactant solution. This greatly
reduces processing time and minimizes the amount of surfactant which, in some cases, needs to
be removed from the microparticles prior to their intended use.

More specifically, the present invention relates to a process of encapsulating a hydrophilic
active agent in a biodegradable polymer comprising dissolving a polymer in a halogen-free
solvent that 1s at least partially water-miscible to form a polymer solution; adding an active agent
to the polymer solution to form a drug phase contained in a vessel; adding a predetermined
amount of an aqueous surtactant phase to the vessel containing the drug phase with mixing, said
predeterminéd amount being suificient to provide that the surfactant phase becomes the
continuous phase and extraction medium in order to extract an amount of the solvent from the
drug phase such that a suspension of microparticles is produced upoh addition of the surfactant

phase to the drug phase without requiring removal of the solvent from the vessel.

Brief Description of the Drawings

Figure 1 depicts a schematic of the process according to one aspect of the invention.

Figures 2a and 2b depict electron microscopic images of microcapsules produced in
Example 1.

Figure 3 depicts light microscopic images of microcapsules produced in Example 1.

Figure 4 depicts testosterone levels resulting from administration of gosserelin

microparticles of Example 19.

Figure 5 depicts testosterone levels resulting from administration of gosserelin
microparticles of Example 23.

Figures 6 a-d depict light microscopic images of microcapsules produced in Example

31/1-4.

Figures 7a-b depict electron microscope images of the microsponges produced in

Examples 31/2 and 31/3.

Figures 8a-b depict electron microscope images of microspheres produced in Examples
32/2 and 32/3. |

10
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Figure 9 depicts rate of release from the formulations prepared according to Examples 45-

47.

Detailed Description of the Invention

It has surprisingly been found that by the appropriate selection and addition of an aqueous
surfactant phase to a drug phase which comprises an organic solvent or solvent mixture that is at
least partially water-miscible and preferably has a water solubility of about 1.5 — 40 wt%, the
aqueous surfactant phase acts as both the continuous phase and extraction medium, thereby
allowing a suspension of microparticles to almost immediately form without requiring solvent
evaporation or other such solvent removal step. The process of the present invention can be

practiced to prepare microparticles of various morphologies including microcapsules,

- microsponges, microspheres, and mixtures thereof and can be used to encapsulate hydrophilic

active agents.

According to the present invention, the polymer for microencapsulation 1s dissolved in a
halogen-free solvent or solvent mixture partially miscible with water to form an organic polymer
solution. The solubility of the organic solvent or solvent mixture in water or in the aqueous
surfactant phase, with or without buffers, has a value between 1.5% (w/w) and 40% (w/w).
When using solvents with a water solubility greater than 40% w/w, it is used in admixture with a
larger volume of another solvent of lower water solubility such that the water solubility of the
solvent mixture is reduced to less than 40% w/w. A drug phase is then prepared depending on the
active agent to be encapsulated and the desired microparticle morphology as described in detail
below.

Once the drug phase 1s prepared, an aqueous °surfact::u*ﬂ: phase is added to the vessel in
which the drug phase 1s contained as detailed below. The polymer solvent is selected based on
its miscibility in the aqueous surfactant phase. According to the present invention, the polymer

solvent and aqueous surfactant solutions are selected based on their solubility parameters

(0(cal/ cm3)” 2). According to preferred embodiments, Opolymer solvent = Oaqueons phase <0, preferably

- v 1. - 3\1/2
Spolymer solvent ~ Saqueous phase 1S Wlth].n the I'ange 0 = 15 S(Cal/ Cm ) .

In addition to the solubility parameters, the volume fractions of each of the solutions
combined according to the process of the present invention are selected in order to provide that a

suspension of microparticles is formed almost immediately upon combining the drug phase with
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the aqueous phase. Accordingly, the volume ratio of the polymer phase : surfactant phase is
within the range of 1:2 — 1:30, preferably 1:2 — 1:20.

A suspension of microparticles is immediately formed, preferably within one minute of
mixing. Further mixing 1s performed, preferably for up to about 30 minutes, and more preferably
about 4 — 10 minutes. The microparticles can then be removed from the suspension by well
known techniques. This surprisingly simple method for producing microparticles results in
significant improvements over the prior art, including the use of less toxic polymer solvents,
control over microparticle morphology, and a much simplified process with a dramatically
reduced production time compared to prior art processes. Further, the present invention readily
lends 1tself to scale-up for large scale production.

According to one embodiment directed to the encapsulation of hydrophilic active agents
in microcapsules as depicted in Figure 1, the drug phase is prepared by dissolving the hydrophilic
active agent in water or in an aqueous buffer solution with a pH value between 2.0 and 11 to
form aqueous active agent solution 20. Polymer solution 10 is prepared by dissolving polymer in
an organic solvent, which 1s then added to vessel 40. Aqueous active agent solution 20 is added
to the organic polymer solution in vessel 40 and dispersed by means of a mechanical agitator to.
form an intermediate drug phase comprising a W/O emulsion. It is worth noting that since the
one-pot process of the present invention is a relatively fast process, a W/O emulsion at this point
in the processing is never truly observed and thus is referred to as merely an intermediate W/O
emulsion drug phase tor the sake of this discussion. An aqueous surfactant phase 30 is then
added to the drug phase in vessel 40 to produce a suspension of microparticles 50 in vessel 40 as
discussed below.

To form the microparticle suspension, a defined volume of an aqueous solution or buffer
solution containing a surfactant or surfactant mixture is added as continuous phase to the drug
phase produced by homogenization during agitation, so that a phase transition from the organic
phase to the aqueous phase occurs with immediate formation of a microparticle suspension. In a
preferred embodiment, the volume of continuous aqueous surfactant phase required for the phase
transition 1s roughly calculated under the assumption that the polymer microparticles in the
continuous aqueous surfactant phase occupy the cavities in a “body centered cubic” or “face

centered cubic” or “hexagonal close pack” arrangement. According to this preferred
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embodiment, the volume fraction of aqueous surfactant phase is greater than approximately 60%,
preferably between 65 and 80%, and most preferably between 68% and 74%.

As discussed above, according to this embodiment directed to encapsulation of
hydrophilic active agents in microcapsules, the addition of the aqueous surfactant phase to the
drug phase results in the almost immediate formation of a microparticle suspension. The process
according to the present invention eliminates the step of forming a double emulsion (W/O/W)
from which solvent must be eliminated prior to formation of any microparticles as in the double
emulsion processes mentioned above. As a result, the process of the present invention provides
better control over particle size distributions and produces microparticles of smaller mean
diameters and more uniform morphology and increased encapsulation efficiencies. Additionally,
the microparticle suspension is formed within minutes of adding the aqueous surfactant phase to
the drug phase, preferably within one minute as compared to prior art processes requiring
production times of up to several hours.

Once the suspension of microparticles is formed, the solvent or solvent mixture 1s
eliminated by the usual methods, preferably in vacuum and/or an air/nitrogen stream, or also by
filtration or extraction. After removing the solvent, the microparticles are additionally subjected
to "cross-flow" filtration if desired; as a result, they are mildly freed from surfactant residues and
solvent residues as well as from any non-encapsulated active substance or, as the case may be,
any active substance that is adhering to the surface.

The microparticles are concentrated after washing with water (centrifuging or filtration)
and optionally freeze-dried or spray dried as described in the above-referenced patents, or dried
in a fluidized bed as described for example in US Patent No. 6,080,429.  According to a
preferred embodiment, a viscosity modifier 1s added to the aqueous surfactant phase. It has
surprisingly been discovered that the replacement of a portion of the water of the aqueous
surfactant phase with a viscosity modifying agent such as glycerol results in smaller mean
microparticle diameters and smaller microparticle size distributions, as well as increases in drug
loadings and encapsulation efficiency.

The viscosity of the aqueous surfactant phase can be varied over several orders of
magnitude by the successive replacement of water by glycerin. According to this embodiment,
the aqueous surfactant phase is provided with about 1 - 80 wt%, preferably 5 — 50 wt%, of a

viscosity modifier such as glycerol. Other viscosity modifiers include polyethylene glycol,
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hyaluronic acid, cellulose polymers and dernivatives ot cellulose, chitosane and other bioadhesive
polymers. and other agents known in the art such as those disclosed in U.S. Patent Nos.

4,652,441. 4,711,282, 4,917,893, and 5,061,492,

According to another preferred embodiment, a co-solvent is added to the aqueous
surfactant phase. The co-solvent 1s water miscible and is further characterized as being a solvent
for the polymer solvent while not a solvent for the polymer. According to this embodiment, the
aqueous surfactant phase is capable of extracting more of the polymer solvent from the organic
polymer solution compared to an equivalent volume of aqueous surfactant phase absent any co-
solvent. This reduces the volume fraction of aqueous surfactant phase required to form the
microparticle suspension, thus reducing the amount of surfactant to be removed from the
microparticle suspension. The amount of co-solvent to be added to the aqueous surfactant phase
1s primarily dependent upon thc\polymer.' and polymer solvent selected. Typically, about 1- 40
wt% co-solvent 1s added to the aqueous surfactant phase according to this embodiment. Suitable
co-solvents include, but are not limited to, alcohols such as ethanol, methanol, ethers, and
polyethylene glycol.

According to another preferred embodiment, buffered solutions are used in order to
increase encapsulation efficiencies. For example, a significant number of hydrophilic proteins
and peptides are stable at a neutral pH of around 7.0. For encapsulation of such hydrophilic
active agents in microcapsules, the active agent is dissolved in a buffered solution to maintain pH
in which the active agent remains stable, typically around pH 4.0 - 9.0. The aqueous surfactant
phase 15 likewise provided with a buffer in order to keep the pH of the aqueous surfactant phase
at a range where the active agent is not soluble. Such selection of buffers acts to keep the active
agent in the drug phase and prevents migration of the active into the agueous surfactant phase
extraction medium, thereby increasing the encapsulation efficiency of the active agent into the
microcapsules. It is to be understood that such use of buffers can also be used to increase
encapsulation efficiencies according to any of the other embodiments set forth above.

According to the present invention, the desired particle size can be adjusted via the
stirring speed and the time of stirring and also via the surfactant concentration. The microspheres

of the instant invention can be prepared in any desired size, ranging from about 0.1 um to

upwards of about 1000 um in diameter, by varying process parameters such as stir speed, volume
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of solvent used in the phase transition step, terriperature, concentration of polymer(s), and .
inherent viscosity of the polymer(s). Such selectibn criteria‘ can be readily determined by one of
ordinary skill in the art.

The present irivention can be practicad 1o encapsulate a wide range of hydrophilic active
agents, including proteins, peptides, polypeptides, oligonucleotides, plasmids or DNA.
Examples of active agents suitable for use in this invention include but are not limijted o
calcitonin, erythropoietin (EPO), Factor VIII, Factor IX, ceredase, cerezyme, cyclosporin,
eranulocyte colony stimulating factor (GCSF), alpha-1 proteinase inhibitor, el¢atonin,
eranulocyte macrophage colony stimulating factor (GMCSF), growth hormones including human
arowth hormone (HGH) and growth hormone releasing hormone (GHRH), heparin, low
molecular weight heparin (LMWEH), interferons including intexferon alpha, interferon beta,
interferon gamma, interleukin-2, luteinizing hormone releasing hormone (LHRH) and LHRT]
analogues including gosserelin, insulin, somatostatin, somatostatin analogs including.octreotide,
vasopressin and its analogs, follicle stimulating hormone (FSH), insulin-like growth factor,
insulintropin, interleukin-1 receptor antagonist, interleukin-3, interleukin-4, interleukin-6,
macrophage colony stimulating factor (M-CSF), nerve growth factor, parathyroid hormone
(PTH), thymosin alpha 1, Ib/Ia inhibiter, alpha-1 antitrypsin, VLA4, respiratory syncytial
virus antibody, cystic fibrosis transmembrane regulator (CFTR) gene, deoxyreibonuclease
(Dnase), bac-tcricidallpejéﬁxe.gbility increasing protein (BPI), anti-CMV antibody, interleukin- 1
raceptof, vaccines, 13-cis retinoie acid, p.entamidiﬁe isethionate, "albuicrol sulfate,
metaprotereno! sulfats, beclomethasone diprepi onaté, triamcincloné acetamide, budesonids
acetonide, flnticasone, ipratropium bromide, flunisolids, cromolyn sodium, ergotatnine tartrate
and the analogues, agonists and antagonists of the above. | |

The amount of active agent 10 be encapsulated is dependent upon the type of substance,
duration, time and desired effect. Dmg loadings according to this invention range up to albout 40
wt% (degree of loading = weight of active principal X 100/weight of active principal + polymer
weight), ‘ |

POIytﬁers sujtab‘le for practice of the present invention are known from the literatura anci
include, for example, polyamides, polyanhydiides, polyesters, polyorthdes‘tefs-, polyacetates,
polylactones, and polyorthocarbofiates, A preferred biodemdable polymer according to the
invéntion comprises & polyester of m;. B- and *{-hydroxycarb,oxylic acids, or block copolymers of
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polyesters of o, B- and y-hydroxycarboxylic acids and linear or star poly(ethylene glycols).
Polylactide-co-glycolide polymers represent a particularly preferred class of polymers according
to the invention.

Typically, a suitable polymer solution contains between about 1% (w/w) and about 50%
(w/w) of a suitable biocompatible polymer, wherein the biocompatible polymer 1s typically
dissolved in a suitable polymer solvent. Preferably, a polymer solution contains about 5% (w/w)
to about 20% (w/w) polymer. The degradation rate for the microparticles ot the invention i1s
determined in part by the molecular weight of the polymer. Polymers of difterent molecular
weilghts (or inherent viscosities) can be mixed to yield a desired degradation profile. According
to a preferred embodiment, the degradation rate is controlled by the ratio of lactide to glycolide in
the polymer.

Examples of biodegradable polymers for use with the process of the present invention are
known 1in the art and include, but are not limited to, polyglycolides (PGA) and copolymers of
glycolides such as glycolide/lactide copolymers (PGA/PLLA) or glycolide/trimethylene
carbonate copolymers (PGA/TMC); L-polylactides (PLA) and stereo-copolymers of polylactides
such as poly(L-lactide) (PLLA), poly(DL-lactide) copolymers and IL-lactide/DL-lactide

copolymers; copolymers of PLA such as lactide/tetramethylglycolide copolymers, lactide/o-

valerolactone copolymer and lactide/e-caprolactone copolymer; poly(B-hydroxybutyrate)
(PHBA), PHBA/B-hydroxyvalerate copolymers (PHBA/HVA), poly(B-hydroxypropionate)
(PHPA), poly(p-dioxanone) (PDS), poly(o-valerolactone), poly(e-caprolactone), poly(polyamino
acids), polysaccharides that have been rendered hydrophobic, or hyaluronic acid that has been
rendered hydrophobic, or dextrans that have been rendered hydrophobic, or amylopectin or
hyaluronic acid that have been rendered hydrophobic in a self-organizing manner.

AB block copolymers comprising PLA and PEG, ABA tri-block copolymers comprising
PLA-PEG-PLA, S(3)-PEG-PLA block copolymers and S(4)-PEG-PLA block copolymers are
suitable for use in the process in accordance with the invention as block copolymers of polyesters
of hydroxycarboxylic acids and linear or star poly(ethylene glycol) (PEG):

Suitable commercially obtainable polymers for use according to the present invention
include, but are not limited to Resomer® (Bohringer-Ingelheim) L-104, L-206, L-207, L-208, L-
209, L-210, L-214, R-104, R-202, R-203, R-206, R-207, R-208, G-110, G-2035, L.R-909, RG-502,

16



10

15

20

235

30

CA 02432900 2003-06-19
WO 02/49619 PCT/US01/50105

RG-502H, RG-503, RG-503H, RG-504, RG 504H, RG-505, RG-505H, RG-506, RG-508, RG-
752, RG-755, RG-756 and Resomer® RG-858.

Preferred solvents or solvent mixtures according to the invention include acetone,
ethanol, alkyl acetates, such as methyl, ethyl, propyl, isopropyl, isobutyl or butyl acetate, alkyl
formates, like methyl, ethyl, propyl, isopropyl or isobutyl formate, triacetin, triethyl citrate and/or
C1-C4-alkyl lactates, e.g., methyl or ethyl lactates, methyl ethyl ketone, methyl 1sobutyl ketone,
tetrahydrofuran, dimethyl sulfoxide, 1-methyl-2-pyrrolidone and 3-methyl-1-butanol, acetonitrile,
THF, DMSO, PEG 100, PEG 400, N-methyl pyrrolidone, glycofurol, diethylcarbonate, and 2-
methyl-1-propanol.

Preferred surfactants include cationic, anionic, and non-ionic surfactants including, but
not limited to Poloxamere® Poloxamine®, polyethylene glycol alkyl ethers, polysorbates
(Tween®, Span®), sucrose esters (Sisterna®, Netherlands), sucrose esters (Ryoto Sugar Ester,
Tokyo), gelatins, polyvinylpyrrolidone, fatty alcohol polyglycosides, Charps, Charpso, decyl-3-
D-glycopyranoside, decyl-f3-D-maltopyranoside, dodecyl--D-maltopyranoside, sodium oleate,
polyethylene glycol, polyvinyl alcohol, polyethoxylated fatty acid ethers (Brj®), Triton X 100 or
their mixtures. Amounts effective to provide a stable, aqueous formulation will be used, usually
in the range of from about 0.1% (w/v) to about 30% (w/v).

The encapsulation efficiency of the process is at least 85%, preferably encapsulation
efficiencies between 90 and 95% are achieved. Encapsulation efficiency 1s understood to mean
the weight of the encapsulated active ingredient X 100/weight of the employed active ingredient.
Further, the present invention provides highly uniform morphologies such the resultant
microparticles comprise at least 83%, preferably at least 90%, and most preferably greater than
95% of a single uniform morphology (i.e. at least 95% microcapsules).

The formulations of the instant invention can contain a preservative, multiple excipients,
such as polyethylene glycol (PEG) in addition to polyols such as trehalose or mannitol. Examples
of suitable preservatives for the formulation include phenol, benzyl alcohol, meta-cresol, methyl
paraben, propyl paraben, benzalconium chloride, and benzethonium chloride. Preferred
preservatives include about 0.2 to 0.4% (w/v) phenol and about 0.7 to 1% (w/v) benzyl alcohol,
although the type of preservative and the concentration range are not critical.

In general, the drug phase, organic polymer solution, and/or surfactant phase of the

subject invention can contain other components in amounts not detracting from the preparation
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of stable forms and in amounts suitable for effective, sate pharmaceutical administration. For
example, other pharmaceutically acceptable excipients well known to those skilled in the art can
form a part of the subject compositions. These include, for example, salts, various bulking
agents, additional buffering agents, chelating agents, antioxidants, cosolvents and the like;
specific examples of these include tris-(hydroxymethyl)aminomethane salts ("Iris buffer"), and
disodium edetate. Cryo-protectors such as sugars, sugar alcohols or crystallization inhibitors,
such as those disclosed in U.S. Patent No. 5,676,968, such as low molecular weight
polyvinylpyrrolidone and derivatives are optionally added for lyophilization.

According to a preferred use of the microparticles for pharmaceutical application, the
microspheres are placed into pharmaceutically acceptable, sterile, isotonic formulations together
with any required cofactors, and optionally are administered by standard means well known in
the field. Microsphere formulations are typically stored as a dry powder. It is to be understood
that the microparticles of the present invention could find use in other applications such as
industrial chemicals, herbicides, fertilizers, and dyes.

The invention 1s further explained below in practical examples without restricting it to

them. All of the above referenced patents are incorporated herein in their entirety by reference.

Example 1
750 mg of the polymer Resomer® RG-756 1s dissolved in 15 mL ethyl acetate and

transferred to a double-walled steel vessel (inside height 11.0 cm, inside diameter 4 cm). 5 mL
of an aqueous 200 mg HSA (human serum albumin)-containing, 5 mmol
Tris(hydroxymethyl)aminomethane solution (pH 7.4) 1s then dispersed by means of a mechanical
agitator (Dispermat FT, VMA-Getzmann GmbH, 2 cm dissolver disk) 1 the polymer solution for
3 minutes at 10,000 rpm at room temperature.

50 mL. of a 4% Pluronic F68 solution in water 1s then added as continuous phase during
agitation (10,000 rpm). After about 30 seconds of agitation, the microparticle suspension is
transferred to a 500 mL two-necked flask and agitated with a magnetic stirrer. The solvent ethyl
acetate 1s then eliminated at room temperature by applying a vacuum or by extraction with water.
After 2 hours, the suspension 1s washed with 6 L of water or an aqueous solution and

concentrated by centrifuging or filtration to the desired volume.
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Purification and concentration can be conducted more gently by crossflow filtration with

a Sartocon mini® (Sartorius AG, Gottingen) system.

The solvent- and almost surfactant-free suspension is mixed with a cryoprotector (for
example, with a sugar, sugar alcohol or polyvinylpyrrolidone derivative), frozen as quickly as
possible (for example, with liquid nitrogen) and freeze-dried. The lyophilizate, resuspended with
water or an aqueous solution, contains microcapsules with a human serum albumin content of

18% (human serum albumin weight X 100/human serum albumin weight + polymer weight =

degree of loading) and these have a diameter from 0.2 to 8 wm. The encapsulation efficiency is

86%.

Figures 2a and 2 b depict electron microscopic images of microcapsules produced in

Example 1.

Figures 3a and 3b depict light microscopic images of microcapsules produced in Example

Example 2
750 mg of the polymer Resomer® RG-858 is dissolved in 15 ml. ethyl acetate and

transferred to a doub‘le—walled steel vessel (inside height 11.0 cm, inside diameter 4 cm). 5 mL
of an aqueous 50 mmol PBS buffer solution (pH 7.4) containing 100 mg HSA (human serum |
albumin) is then dispersed in the polymer solution for 3 minutes at 10,000 rpm by means of a
mechanical agitator (Dispermat FI', VMA-Getzmann GmbH, 2 cm dissolver disk).

50 mL of a 4% Pluronic F127 solution in water is then added as continuous phase during
agitation (10,000 rpm). After about 30 seconds of agitation, the microparticle suspension 1s

transferred to a 500 mL two-necked flask and agitated with a magnetic stirrer.

The microparticle suspension is further processed as in Example 1.

The lyophilizate, resuspended with water or an aqueous solution, contains microcapsules
with a human serum albumin content of 10% (human serum albumin weight X 100/human serum
albumin weight + polymer weight = degree of loading) and these have a diameter from 0.2 to 15

um. The encapsulation efficiency 1s 88%.
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Example 3

Polymer: RG-858, employed amount: 750 mg polymer is dissolved in 15 mL of the
solvent listed in Table 1. Surfactant solution: volume: 50 mL, 2 g of the surfactant listed 1n Table
1 is dissolved in 50 mL of water. |

HSA solution: 10 mg HSA is dissolved in 5 mL of a 10 mmol
Tris(hydroxymethyl)aminomethane solution (pH 7.4).

Microcapsules loaded with HSA were produced from the components listed in this
example according to the method described in Example 1. The lyophilizate, resuspended with

water or with an aqueous solution, contains microcapsules with a diameter from 0.2 to 15 pm.

Table 1

v

F-127 | P-1570 | L-1695 |

' T-707 | T-908 , Tweén—80—] F-68
l\/fethyl acetate ’ | ) .- R

i “ F

Eth};l acetate

I&)propyl_ acetate | | |
Ethyl formate I — 1 - }l )

Propyl formate | |

|—_E}l_1-y1 methyl ketone | J_ ' |

~m—s s ok e AT, s —— — e i/ I_ g e aamaa B R

Isopropyl formate | | ‘ |

The encapsulation efficiency in all the charges listed in Table 1 is at least 85%.

Example 4
750 mg of the polymer Resomer® RG-752 1s dissolved in 15 mL ethyl acetate and

transferred to a double-walled steel vessel (inside height 11.0 cm, 1nside diameter 4 cm). 5 mL
of an aqueous 5 mmol of an aqueous 50 mg ovalbumin-containing, 10 mmol PBS buifer solution
(pH 7.4) is then dispersed in the polymer solution for 3 minutes at 9,000 rpm at room
temperature by mear;s of a mechanical agitator (Dispermat FT, VMA-Getzmann GmbH, 2 cm
dissolver disk).

50 mL of a 4% Pluronic F127 solution in water is then added as continuous phase during
agitation (9,000 rpm). After a dispersal time of 30 seconds, the microparticle suspension 1s
transferred to a 500 mL two-necked flask and agitated with a magnetic stirrer. The solvent ethyl
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acetate 1s then eliminated at room temperature by application of vacuum, by introduction of
nitrogen or air or by extraction with water. After 3 hours, the suspension is washed with 6 L
water or an aqueous solution and concentrated by centrifuging or filtration to the desired volume.
“Crosstlow” filtration 1s carried outigby means of a Sartocon mini® (Sartorius AG, Gottingen)
system with a polyolefin membrane icutoff 0.2 um).

The solvent- and almost surfactant-free suspension 1s mixed with a cryoprotector (for
example, with a sugar, sugar alcohol or polyvinylpyrrolidone derivative), frozen as quickly as
possible (for example, with liquid nitrogen) and freeze-dried.

The lyophilizate, resuspended with water or an aqueous solution, contains nﬂcrocapéules
with an active principle content of 5%. The microcapsules have a diameter from 0.2 to 20 um.

The encapsulation efficiency is 90%.

Example 5
750 mg of the polymer Resomer® RG-303 is dissolved in 15 mL methyl acetate and

transterred to a double-walled steel vessel (1inside height 11.0 cm, 1nside diameter 4 cm). 5 ml
of an aqueous 5 mmol of an aqueous 50 mg ovalbumin-containing, 10 mmol PBS buffer solution
(pH 7.4) is then dispersed 1n the polymer solution for 3 minutes at 9,000 rpm at room
temperature by means of a mechanical agitator (Dispermat FI', VM A-Getzmann GmbH, 2 cm
dissolver disk). ‘

45 mL of a 4% Poloxamin T-707 solution in water 1s then added as continuous phase
during agitation (9,000 rpm). After a dispersal time of 30 seconds, the microparticle suspension
is transferred to a 500 mL two-necked flask and further processed as in Example 4.

The lyophilizate, resuspended with water or an aqueous solution, contains microcapsules
with an active principle content of 4.7%. The microcapsules have a diameter from 0.2 to 8 pm.

The encapsulation etficiency is 87%.

Example 6

Polymer: RG-858, employed amount: 750 mg polymer is dissolved in 15 mL of the

solvent listed in Table 2.

Surfactant solution: volume: 50 mL, 2 g of the surfactant listed in Table 2 1s dissolved in
50 mL of water. “
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Ovalbumin solution: 10 mg ovalbumin is dissolved 1n 5 mlL., 10 mmol
Tris(hydroxymethyl)aminomethane solution (pH 7.4).
Microcapsules loaded with ovalbumin were produced from the components listed in this

example according to the method described in Example 4. The lyophilizate, resuspended with

water or with an aqueous solution, contains microcapsules with a diameter from 0.2 to 20 pum.

Table 2

|

!

12707 1T-908 | Tween-80 | F-68

1-1695

£S =

plep—, oy Mol P Al PPy R

' F-127 | P-1570
Methyl acetate | | | r

Ethyl acetate B R , | |

Isopropyl acetate |

{

Isépropnyomate

Ethyl formate | | | ' | |

I i L ] ) _ | ) I I _ .

Propyl formate i | | —l
—

Ethylmlinethyiﬁketone | | | |

The encapsulation efficiency in all the charges listed in Table 2 is at least 85%.

Example 7

750 mg of the polymer Resomer® RG-752 1s dissolved in 15 mL methyl acetate and
transferred to a double-walled steel vessel (inside height 11.0 cm, inside diameter 4 cm). 5 mL
of an aqueous 50 mmol citrate buffer solution (pH 6.6) containing 50 mg cytochrome C is then
dispersed 1n the polymer solution for 3 minutes at 10,000 rpm at room temperature by means of a
mechanical agitator (Dispermat FT, VMA-Getzmann GmbH, 2 cm dissolver disk).

50 mL of a 4% Poloxamin T-707 solution is then added as continuous phase during
agitation at 10,000 rpm. After a dispersal time of 30 seconds, the microparticle suspension is
transferred to a 500 mL two-necked flask and agitated with a magnetic stirrér. The solvent
methyl acetate is then eliminated at 20°C by application of vacuum, by introduction of nitrogen
or air or by extraction with water. After 3 hours, the suspension is washed with 6 L. water or an
aqueous solution and concentrated to the desired volume by centrifuging or filtration. The use of
“crossflow™ filtration is advantageous, for example, with a Sartocon mini® (Sartorius AG,

Gottingen) system with a polyolefin membrane (cutoff 0.2 pm).
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The solvent- and almost surfactant-free suspension is mixed with a cryoprotector (for
example, with a sugar, sugar alcohol or polyvinylpyrrolidone derivative), frozen as quickly as
possible (for example, with liquid nitrogen) and freeze-dried.

The lyophilizate, resuspended with water or an aqueous solution, contains microcapsules
with an active principle content of 4.8%. The microcapsules have a diameter from 0.2 to 10 um.

The encapsulation etficiency 1s 87%.

Example 8

750 mg of the polymer Resomer® RG-752 1s dissolved in 15 mL ethyl methyl ketone and
transferred to a double-walled steel vessel (inside height 11.0 cm, inside diameter 4 cm). 5 mL
of a 50 mmol citrate buffer solution (pH 6.6) containing 50 mg cytochrome C is then dispersed in
the polymer solution for 3 minutes at 8,000 rpm at room temperature by means of a mechanical
agitator (Dispermat FT, VMA-Getzmann GmbH, 2 cm dissolver disk).

45 mL of 4% Tween-80 solution 1s then added at continuous phase during agitation
(8,000 rpm). After a dispersal time of 30 seconds, the microparticle suspension is transferred to
a 500 mL two-necked tlask and further processed as in Example 7.

The lyophilizate, resuspended with water or an aqueous solution, contains microcapsules
with an active principle content of 5%. The microcapsules have a diameter from 0.2 to 12 wm.

The encapsulation efficiency is 90%.

Example 9
Polymer: RG-858, employed amount: 750 mg polymer is dissolved in 15 mL of the

solvent listed in Table 3.

Surfactant solution: volume: 50 mL, 2 g of the surfactant listed in Table 3 is dissolved in
50 mL of water.

Cytochrome-C solution: 10 mg cytochrome-C is dissolved in 5 mL of a 10 mmol
Tristhydroxymethyl)aminomethane solution (pH 7.4).

Microcapsules loaded with cytochrome-C were produced from the components listed in

this example according to the method described in Example 7. The lyophilizate, resuspended

with water or with an aqueous solution, contains microcapsules with a diameter from 0.2 to 12
Jm.
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Table 3

| T-707 | T-908 | Tween-80 | F-68 L-1695

Methyl acetate |

| Ethyl acetate

Isopropyl acetate | B

Ethyl formate

Propyl tormate

| Isopropyl formate | |

il M i - - 2 - PO S _— o A gp——

Ethyl met};yl ketone

'
i : ‘
| i _ ] - b b _ o}

The encapsulation efficiency in all the charges iisted in Table 3 is at least 85%.

"Example 10

750 mg of the polymer Resomer® RG-303 is dissolved in 15 mL methyl acetate and
transterred to a double-walled steel vessel (inside height 11.0 cm, inside diameter 4 cm). 5 mL
of an aqueous solution (pH 7.5) containing 80 mg insulin 1s then dispersed in the polymer
solution for 3 minutes at 10,000 rpm at room temperature by means of a mechanical agitator
(Dispermat FI', VMA-Getzmann GmbH, 2 cm dissolver disk).

50 mL of a 4% Pluronic F-68 solution in water is then added as continuous phase during
agitation at 10,000 rpm. After a dispersal time of 30 seconds, the microparticle suspension is
transferred to a 500 mL two-necked flask and agitated with a magnetic stirrer. The solvent
methyl acetate 1s then eliminated at 20°C by application of vacuum, by introduction of nitrogen
or air or by extraction with water. After 3 hours, the suspension is washed with 5 L. water or an
aqueous solution and concentrated to the desired volume by centrifuging or filtration.
“Crossflow” filtration occurs, for example, with a Sartocon mini® (Sartorius AG, Gottingen)
system with a polyolefin membrane (cutoff 0.2 um).

The solvent- and almost emulsifier-free suspension is frozen as quickly as possible with
liquid nitrogen and freeze-dried.

The lyophilizate, resuspended with water or an aqueous solution, contains microcapsules
with an active principle content of 8%. The microcapsules have a diameter from 0.2 to 8 um.

The encapsulation efficiency is 90%.
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Example 11

750 mg of the polymer Resomer® RG-503 is dissolved in 15 ml methyl acetate and
transferred to a double-walled steel vessel (inside height 11.0 cm, inside diameter 4 cm). 5 mL
of an aqueous solution (pH 7.5) containing 60 mg insulin is then dispersed in the polymer
solution for 3 minutes at 10,000 rpm at room temperature by means of a mechanical agitator
(Dispermat FT, VMA-Getzmann GmbH, 2 cm dissolver disk).

50 mL of a 4% Pluronic F-127 solution in water is then added as continuous phase during
agitation at 10,000 rpm. After a dispersal time of 30 seconds, the microparticle suspension is
transferred to a 500 mL two-necked flask and processed further as in Example 10.

The lyophilizate, resuspended with water or an aqueous solution, contains microcapsules
with an active principle content of 6%. The microcapsules have a diameter from 0.2 to 8 um.

The encapsulation efficiency 1s 85%.

Example 12
750 mg of the polymer Resomer® RG-503 is dissolved in 15 mL methyl acetate and

transterred to a double-walled steel vessel (inside height 11.0 cm, inside diameter 4 cm). 5 mL
or an aqueous solution (pH 3.2) containing 40 mg insulin 1s then dispersed in the polymér
solution for 3 minutes at 10,000 rpm at room temperature by means of a mechanical agitator
(Dispermat FT, VMA-Getzmann GmbH, 2 cm dissolver disk).

50 mL of a 4% Pluronic F-68 solution in water is then added as continuous phase during
agitation at 10,000 rpm. After a dispersal time of 30 seconds, the microparticle suspension is
transferred to a 500 mL two-necked flask and processed further as in Example 10.

The lyophilizate, resuspended with water or an aqueous solution, contains microcapsules
with an active principle content of 4.4%. The microcapsules have a diameter from 0.2 to 8§ um.

The encapsulation efficiency is 90%.

Example 13
750 mg of the polymer Resomer® RG-503 is dissolved in 15 mL methyl acetate and

transferred to a double-walled steel vessel (inside height 11.0 cm, inside diameter 4 cm). 5 mL

of an aqueous solution (pH 3.0) containiﬁg 40 mg insulin is then dispersed in the polymer
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solution for 3 minutes at 10,000 rpm at room temperature by means of a mechanical agitator
(Dispermat FT, VMA-Getzmann GmbH, 2 cm dissolver disk).

50 mL of a 4% Pluronic F-127 solution in water is then added as continuous phase during
agitation at 10,000 rpm. After a dispersal time of 30 seconds, the microparticle suspension is
transferred to a 500 mL two-necked flask and processed further as in Example 10.

The lyophilizate, resuspended with water or an aqueous solution, contains microcapsules

with an active principle content of 4.4%. The microcapsules have a diameter from 0.2 to 8 um.

The encapsulation efficiency 1s 90%.

Example 14
750 mg of the polymer Resomer® RG-3503 is dissolved 1n 15 ml. methyl acetate and

transferred to a double-walled steel vessel (inside height 11.0 cm, inside diameter 4 cm). 5 mL
of an aqueous solution (pH 7.5) containing 40 mg insulin is then dispersed in the polymer
solution for 3 minutes at 10,000 rpm at room temperature by means of a mechanical agitator
(Dispermat FT, VMA-Getzmann GmbH, 2 ¢cm dissolver disk).

50 mL of a 50 mmol citrate buffer solution (pH 3.3, IPjyswin pPH 5.3) containing 2 g
Pluronic F-68 is then added as continuous phase during agitation (10,000 rpm). After a dispersal
time of 30 seconds, the microparticle suspehsion is transferred to a 500 mL two-necked flask and
processed further as in Example 10.

The lyophilizate, resuspended with water or an aqueous solution, contains microcapsules
with an active principle content of 4.8%. The microcapsules have a diameter from 0.2 to 8§ pum.

The encapsulation efficiency is 90%.

Example 15

750 mg of the polymer Resomer® RG-503 is dissolved in 15 mL methyl acetate and
transferred to a double-walled steel vessel (inside height 11.0 cm, inside diameter 4 cm). 5 mL
or an aqueous solution (pH 7.5) containing 40 mg insulin 1s then dispersed in the polymer
solution for 3 minutes at 10,000 rpm at room temperature by means of a mechanical agitator
(Dispermat FT, VMA-Getzmann GmbH, 2 cm dissolver disk).

50 mL of a 50 mmol citrate buffer solution (pH 5.3, IPjnpsuin pPH 5.3) containing 2 g
Pluronic F-127 is then added as continuous phase during agitation (10,000 rpm). After a
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dispersal ttme ot 30 seconds, the microparticle suspension is transferred to a 500 mL two-necked

flask and processed further as in Example 10.
The lyophilizate, resuspended with water or an aqueous solution, contains microcapsules

with an active principle content of 4.8%. The microcapsules have a diameter from 0.2 to 8 um.

The encapsulation efficiency 1s 90%.

Example 16
750 mg of the polymer Resomer® RG-503 is dissolved in 15 mL methyl acetate and

transferred to a double-walled steel vessel (inside height 11.0 cm, inside diameter 4 cm). 5 mL
or an aqueous solution (pH 7.5) containing 40 mg insulin 1s then dispersed in the polymer
solution for 3 minutes at 10,000 rpm at room temperature by means of a mechanical agitator
(Dispermat FT, VMA-Getzmann GmbH, 2 cm dissolver disk).

50 mL of a 2% Poloxamin T-908 solution in water is then added as continuous phase
during agitation (10,000 rpm). After a dispersal time of 30 seconds, the microparticle suspension
1s transferred to a 500 mL two-necked flask and process further as in Example 10.

The lyophilizate, resuspended with water or an aqueous solution, contains microcapsules
with an active principle content of 3.9%. The microcapsules have a diameter from 0.2 to 8 um.

The encapsulation efficiency 1s 90%.

Example 17
750 mg of the polymer Resomer® RG-503 is dissolved in 15 mL methyl acetate and

transferred to a double-walled steel vessel (inside height 11.0 cm, inside diameter 4 cm). 5 mL
or an aqueous solution (pH 7.5) containing 20 mg insulin 1s then dispersed in the polymer
solution for 3 minutes at 10,000 rpm at room temperature by means of a mechanical agitator
(Dispermat FT, VMA-Getzmann GmbH, 2 cm dissolver disk).

50 mL of a 2% Poloxamin T-908 solution in water is then added as continuous phase
during agitation (10,000 rpm). After a dispersal time of 30 seconds, the microparticle suspension
1s transterred to a 500 mL two-necked flask and process further as in Example 10.

The lyophilizate, resuspended with water or an aqueous solution, contains microcapsules
with an active principle content of 2.2%. The microcapsules have a diameter from 0.2 to 8 um.

The encapsulation efficiency is 85%.
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Example 18

Polymer: RG-858, employed amount: 750 mg polymer 1s dissolved in 15 mL of the
solvent listed in Table 4.

Surfactant solution: volume: 50 mL, 2 g of the surfactant listed in Table 4 is dissolved in
50 mL of water.

Insulin solution: 10 mg insulin is dissolved in 5 mL (pH 7.5).

Microcapsules loaded with insulin were produced from the components listed in this
example according to the method described in Example 10. The lyophilizate, resuspended with

water or with an aqueous solution, contains microcapsules with a diameter from 0.2 to 12 pm.

Table 4

af - ———

1

\T-707 | T-908 | Tween-80 | F-68 |E-127 |P-1570 | L-1695 |

|

i —_—re Bl SR s atumr R,

aer- S P g,

Methyl acetate

Ethyl ac etate

Isopro}yl acetate |

— i_

| Ethyl formate | | | | | |
_ﬁropyl formate i B B “ B r Nl - |
| _ - - . 1 - _

Isopropyl tormate 1 | ] | |

Ethyl methyl Eetonej Tl "l o “| ]

The encapsulation efficiency in all the charges listed in Table 4 is at least 85%.

Example 19
750 mg of the polymer Resomer® RG-858 is dissolved in 15 mL ethyl formate and

transferred to a double-walled steel vessel (inside height 11.0 cm, inside diameter 4 cm). 5 mlL
of an aqueous 50 mmol Tris(hydroxymethyl)aminomethane solution (pH 7.5) containing 120 mg
goserelin acetate (LHRH agonist) is then dispersed in the polymer solution for 4 minutes at
10,000 rpm at room temperature by means of a mechanical agitator (Dispermat FT, VMA-
Getzmann GmbH, 2 cm dissolver disk).

50 mL of a 50 mmol citrate buffer solution (pH 6.0) containing 2 g Pluronic F-68 1s then
added as continuous phase during agitation at 10,000 rpm. After a dispersal time of 30 seconds,
the microparticle suspension is transferred to a 500 mL two-necked flask and agitated with a
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magnetic stirrer. The solvent ethyl formate 1s then eliminated at 20°C by applying a vacuum, by
introduction of nitrogen or air or by extraction with water. After 5 hours, the suspension 1s
washed with 5 L water or an aqueous solution and concentrated to the desired volume by
centrifuging or filtration.

“Crossflow” filtration occurs with a Sartocon mini® (Sartorius AG, Gottingen) system
with a polyolefin membrane (cutoff 0.2 pm). The solvent- and almost emulsifier-free suspension
is frozen as quickly as possible with liquid nitrogen and freeze-dried.

The lyophilizate, resuspended with water or an aqueous solution, contains microcapsules
with an active principle content of 12.5%. The microcapsules have a diameter from 0.2 to 12
um. The encapsulation efficiency 1s 90%.

Figure 4 depicts testosterone levels resulting from administration ot gosserelin

microparticles of Example 19.

Example 20

750 mg of the polymer Resomer® RG-503 is dissolved in 15 mL ethyl formate and
transferred to a double-walled steel vessel (inside height 11.0 cm, inside diameter 4 cm). 5 mL
of an aqueous 50 mmol Tris(hydroxymethyl)aminomethane solution (pH 7.5) containing 120 mg
goserelin acetate (LHRH agonist) is then dispersed in the polymer solution for 4 minutes at
10,000 rpm at room temperature by means of a mechanical agitator (Dispermat FT, VMA-
Getzmann GmbH, 2 cm dissolver disk).

50 mL of a 50 mmol citrate buffer solution (pH 6.0) containing 2 g Pluronic F-68 is then
added as continuous phase during agitation at 10,000 rpm. After a dispersal time of 30 seconds,
the microparticle suspension is transferred to a 500 mL two-necked flask and processed further as
in Example 19.

The lyophilizate, resuspended with water or an aqueous solution, contains microcapsules

with an active principle content of 12.5%. The microcapsules have a diameter from 0.2 to 8 pm.

The encapsulation efficiency is 90%.
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Example 21

750 mg of the polymer Resomer® RG-756 1s dissolved in 15 mL ethyl formate and
transferred to a double-walled steel vessel (inside height 11.0 cm, inside diameter 4 cm). 5 mL
of an aqueous 50 mmol Tris(hydroxymethyl)aminomethane solution (pH 7.5) containing 120 mg
goserelin acetate (LHRH agonist) is then dispersed in the polymer solution for 4 minutes at
10,000 rpm at room temperature by means of a mechanical agitator (Dispermat FT', VMA-
Getzmann GmbH, 2 cm dissolver disk).

50 mL of a 50 mmoi citrate buffer solution (pH 6.0) containing 2 g Pluronic F-68 1s then
added as continuous pha"se during agitation at 10,000 rpm. After a dispersal time ot 30 seconds,
the microparticle suspension is transferred to a 500 mlL two-necked flask and processed further as
in Example 19.

The lyophilizate, resuspended with water or an aqueous solution, contains microcapsules
with an active principle content of 12.5%. The microcapsules have a diameter from 0.2 to 12

um. The encapsulation efficiency is 90%.

Example 22
750 mg of the polymer Resomer® RG-756 1s dissolved in 15 mL ethyl formate and

transferred to a double-walled steel vessel (inside height 11.0 cm, inside diameter 4 cm). 5 mlL
of an aqueous 50 mmol Tris(thydroxymethyl)aminomethane solution (pH 7.5) containing 120 mg
goserelin acetate (LHRH agonist) 1s then dispersed in the polymer solution for 4 minutes at
10,000 rpm at room temperature by means of a mechanical agitator (Dispermat FT', VMA-
Getzmann GmbH, 2 cm dissolver disk).

50 mL of a 50 mmol citrate buffer solution (pH 6.0) containing 2 g Pluronic F-68, 3%
sucrose and 7 g ethanol is then added as continuous phase during agitation at 10,000 rpm. After
a dispersal time of 30 seconds, the microparticle suspension is transferred to a 500 mL two-
necked flask and processed further as in Example 19.

The lyophilizate, resuspended with water or an aqueous solution, contains microcapsules

with an active principle content of 12%. The microcapsules have a diameter from 0.2 to 10 pm.

The encapsulation efficiency 1s 90%.
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Exai'nple 23

750 mg of the polymer Resomer® RG-756 is dissolved in 15 ml ethyl formate and

transferred to a double-walled steel vessel (inside height 11.0 cm, inside diameter 4 cm). 5 mL

of an aqueous 50 mmol Tris(hydroxymethyl)aminomethane solution (pH 7.5) containing 120 mg
goserelin acetate (LHRH agonist) 1s then dispersed in the polymer solution for 4 minutes at
10,000 rpm at room temperature by means of a mechanical agitator (Dispermat FI', VMA-
Getzmann GmbH, 2 cm dissolver disk).

50 mL of a 50 mmol citrate buffer solution (pH 6.0) containing 2 g Pluronic F-68 and 9 g
ethanol 1s then added as continuous phase during agitation at 10,000 rpm. After a dispersal time
of 30 seconds, the microparticle suSpension is transferred to a 500 mL two-necked flask and
processed further as in Example 19.

The lyophilizate, resuspended with water or an aqueous solution, contains microcapsules
with an active principle content of 12%. The microcapsules have a diameter from 0.2 to 10 pm.
The encapsulation efficiency 1s 90%.

Figure 5 depicts testosterone levels resulting from administration of gosserelin

microparticles of Example 23.

Example 24

750 mg of the polymer Resomer® RG-838 is dissolved in 15 mL ethyl formate and
transferred to a double-walled steel vessel (inside height 11.0 cm, inside diameter 4 cm). 5 mL
of an aqueous 50 mmol Tris(hydroxymethyl)aminomethane solution (pH 7.5) containing 120 mg
goserelin acetate (LHRH agonist) 1s then dispefsed in the polymer solution for 4 minutes at
10,000 rpm at room temperature by means of a mechanical agitator (Dispermat FT', VMA-
Getzmann GmbH, 2 cm dissolver disk).

50 mL of a 50 mmol citrate buffer solution (pH 6.0) containing 4% Pluronic F-127 is then
added as continuous phase during agitation at 10,000 rpm. After a dispersal time of 30 secondes,
the microparticle suspension is transferred to a 500 mL two-necked flask and processed further as
in Example 19.

The lyophilizate, resuspended with water or an aqueous solution, contains microcapsules
with an active principle content of 12.5%. The microcapsules have a diameter from 0.2 to 15

um. The encapsulation efficiency is 90%.
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Example 25

750 mg of the polymer Resomer® RG-858 1s dissolved in 15 mL ethyl formate and
transferred to a double-walled steel vessel (inside height 11.0 cm, 1inside diameter 4 cm). 5 mL
of an aqueous 50 mmol succinate solution (pH 4.6) containing 120 mg goserelin acetate (LHRH
agonist) 1s then dispersed in the polymer solution for 4 minutes at 10,000 rpm at room
temperature by means of a mechanical agitator (Dispermat FT, VMA-Getzmann GmbH, 2 cm
dissolver disk).

50 mL of a 50 mmol citrate buffer solution (pH 6.0) containing 4% Pluronic F-68 1s then
added as continuous phase during agitation at 10,000 rpm. After a dispersal time of 30 seconds,
the microparticle suspension is transferred to a 500 mL two-necked tlask and processed further as
in Example 19.

The lyophilizate, resuspended with water or an aqueous solution, contains microcapsules
with an active principle content of 12.5%. The microcapsules have a diameter from 0.2 to 15

um. The encapsulation efficiency 1s 90%.

Example 26
750 mg of the polymer Resomer® RG-8358 is dissolved in 15 mL ethyl formate and

transferred to a double-walled steel vessel (1nside height 11.0 cm, inside diameter 4 cm). 5 mL
of an aqueous 50 mmol Tris(hydroxymethl)amino methane solution (pH 7.4) containing 120 mg
goserelin acetate (ILHRH agonist) is then dispersed in the polymer solution for 4 minutes at
10,000 rpm at room temperature by means of a mechanical agitator (Dispermat FT', VMA-
Getzmann GmbH, 2 cm dissolver disk).

50 mL of a 50 mmol citrate buffer solution (pH 6.0) containing 4% Pluronic F-68 is then

added as continuous phase during agitation at 10,000 rpm. After a dispersal time of 30 seconds,

the microparticle suspension is transferred to a 500 mL two-necked flask and processed further as

in Example 19.
The lyophilizate, resuspended with water or an aqueous solution, contains microcapsules

with an active principle content of 12.%. The microcapsules have a diameter from 0.2 to 15 pm.

The encapsulation efficiency 1s 90%.
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Example 27

750 mg of the polymer Resomer® RG-503 is dissolved in 15 mL ethyl formate and
transferred to a double-walled steel vessel (inside height 11.0 cm, inside diameter 4 cm). 5 mL
of an aqueous 50 mmol citrate buffer solution (pH 6.0) containing 120 mg Buserelin acefate 1S
then dispersed in the polymer solution for 4 minutes at 8,000 rpm at room temperature by means
of a mechanical agitator (Dispermat FT, VMA-Getzmann GmbH, 2 cm dissolver disk).

50 mL of a 50 mmol citrate buffer solution (pH 6.0) containing 2 g Pluronic F-68 is then
added as continuous phase during agitation at 8,000 rpm. After a dispersal time of 30 seconds,
the microparticle suspension is transferred to a 500 mL two-necked flask and agitated with a
magnetic stirrer. The solvent ethyl formate is then eliminated at 20°C by application of vacuum,
by introduction of nitrogen or air or by extraction with water. After 5 hours, the suspension is
washed with 5 L water or an aqueous solution and concentrated to the desired volume by
centrifuging or filtration.

“Crossflow” filtration occurs with a Sartocon mini® (Sartorius AG, Géttingen) system
with a polyolefin membrane (cutoff 0.2 um). The solvent- and almost emulsifier-free suspension
is frozen as quickly as possible with liquid nitrogen and freeze-dried.

The lyophilizate, resuspended with water or an aqueous solution, contains microcapsules

with an active principle content of 12.%. The microcapsules have a diameter from 0.2 to 10 pm.

The encapsulation efficiency is 90%.

Example 28
750 mg of the polymer Resomer® RG-5835 1s dissolved in 15 mL ethyl formate and

transferred to a double-walled steel vessel (insidé height 11.0 cm, inside diameter 4 cm). 5 mL
of an aqueous 50 mmol Tristhydroxymethyl)aminomethane solution (pH 7.0) containing 120 mg
Triptorelin is then dispersed in the polymer solution for 4 minutes at 8,000 rpm at room
temperature by means of a mechanical agitator (Dispermat ET, VMA-Getzmann GmbH, 2 cm
dissolver disk).

50 mL of a 50 mmol citrate buffer solution (pH 6.0) containing 2 g Pluronic F-68 is then
added as continuous phase during agitation at 8,000 rpm. After a dispersal time of 30 aseconds,

the microparticle suspension is transferred to a 500 ml. two-necked flask and agitated with a

magnetic stirrer. The solvent ethyl formate is then eliminated at 20°C by application of vacuum,
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by introduction of nitrogen or air or by extraction with water. After 5 hours, the suspension is
washed with 5 L water or an aqueous solution and concentrated to the desired volume by
centrifuging or filtration.

“Crosstlow” filtration occurs with a Sartocon mini® (Sartorius AG, Gottingen) system

with a polyolefin membrane (cutoff 0.2 wm). The solvent- and almost emulsifier-free suspension

1s frozen as quickly as possible with liquid nitrogen and freeze-dried.

The lyophilizate, resuspended with water or an aqueous solution, contains microcapsules

with an active principle content of 12.%. The microcapsules have a diameter from 0.2 to 15 pm.

The encapsulation efficiency is 90%.

Example 29

750 mg of the polymer Resomer® RG-858 1s dissolved in 15 mL ethyl formate and
transferred to a double-walled steel vessel (inside height 11.0 cm, inside diameter 4 cm). 5 mL
of an aqueous 50 mmol citrate buffer solution (pH 6.0) containing 120 mg Bromocriptine is then
dispersed in the polymer solution for 4 minutes at 10,000 rpm at room temperature by means of a
mechanical agitator (Dispenna’£ FT, VMA-Getzmann GmbH, 2 cm dissolver disk).

50 mL of a 50 mmol citrate buffer solution (pH 6.0) containing 2 g Pluronic F-68 is then
added as continuous phase during agitation at 10,000 rpm. After a dispersal time of 30 seconds,
the microparticle suspension is transferred to a 500 mL two-necked flask and agitated with a
magnetic stirrer. The solvent ethyl formate is then eliminated at 20°C by application of vacuum,
by introduction of nitrogen or air or by extraction with water. After 5 hours, the suspension is
washed with 5 L water or an aqueous solution and concentrated to the desired volume by
centrifuging or filtration. |

“Crossflow” filtration occurs with a Sartocon mini® (Sartorius AG, Gottingen) system
with a polyolefin membrane (cutoff 0.2 pum). The solvent- and almost emulsifier-free suspension
is frozen as quickly as possible with liquid nitrogen and freeze-dried.

The lyophilizate, resﬁspended with water or an aqueous solution, contains microcapsules
with an active principle content of 10.%. The microcapsules have a diameter from 0.2 to 15 yum.

The encapsulation efficiency 1s 90%.
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Example 30
750 mg of the polymer Resomer® RG-858 1s dissolved in 15 mL ethyl formate and

transferred to a double-walled steel vessel (inside height 11.0 cm, inside diameter 4 cm). 5 mL
of an aqueous 50 mmol citrate butfer solution (pH 6.0) containing 100 mg Octreotide is then
dispersed in the polymer solution for 4 minutes at 8,000 rpm at room temperature by means of a
mechanical agitator (Dispermat FI', VMA-Getzmann GmbH, 2 cm dissolver disk).

50 mL of a 50 mmol citrate buffer solution (pH 6.0) containing 2 g Pluronic F-68 1s then
added as continuous phase during agitation at 8,000 rpm. After a dispersal time of 30 seconds,
the microparticle suspension 1s transterred to a 500 mL two-necked tlask and agitated with a
magnetic stirrer. The solvent ethyl formate 1s then eliminated at 20°C by application of vacuum,
by introduction of nitrogen or air or by extraction with water. After 5 hours, the suspension is
washed with 5 L. water or an aqueous solution and concentrated to the desired volume by
centrifuging or filtration.

“Crossflow” filtration occurs with a Sartocon mini® (Sartorius AG, Gottingen) system
with a polyolefin membrane (cutotff 0.2 um). The solvent- and almost emulsifier-free suspension
is frozen as quickly as possible with liquid nitrogen and freeze-dried.

The lyophilizate, resuspended with water or an aqueous solution, contains microcapsules
with an active principle content of 10.%. The microcapsules have a diameter from 0.2 to 15 wm.

The encapsulation efficiency 18 90%.

Example 31
Microsponges:

Morphologically uniform microsponges are produced according to the standard method
“induced phase transition method” as in Example 1, but without active principal.

Volume of the polymer solution: 750 mg of the corresponding polymer in Table 5 is
dissolved in 15 mL of the organic solvent listed in Table 5.

Inner phase: 5 mL PBS, pH 7.4 (50 mmol)

Continuous surfactant phase: 50 mL aqueous solution contains 2 g of the surfactant listed

in Table 5.
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Microsponges were produced from the components listed 1n this example according to the

method described in Example 1. The lyophilizate, resuspended with water or an aqueous olution,

contains microsponges with a diameter from 0.2 to 20 um.

Table 5
\ Example No. 3171 312 313 31/4 |
’ Polymer | R-202 | RG-503 | RG-755 | RG-858 |
Organic solvent | Isopropyl acetate | Methyl acetate | Methyl acetate | Isopropyl |
| | | | acetate |
. Inner aqueous phase | PBS |  PBS |pBS '-PBS -
| Continuous surfactant | T-908 | Tween-20 Tween-80 F-68 B
I 1
| phase
__p ] I R _ - |
Figures 6 a-d depict light microscopic images of microcapsules produced in Example
31/1-4.
Figures 7a-b depict electron microscope images of the microsponges produced in
Examples 31/2 and 31/3.
Example 32

Monolithic microspheres.

Morphologically uniform monolithic microspheres are produced according to the

standard method “induced phase transition method” as in Example 1, but without active

principal.

Volume of the polymer solution: 750 mg of the corresponding polymer in Table 6 is

dissolved in 15 mL of the organic solvent listed in Table 6.
Inner phase: 5 mL PBS, pH 7.4 (50 mmol) or citrate buffer pH 6.5 (50 mmol)

Continuous surfactant phase: 50 mL aqueous solution contains 2 g of the surfactant listed in

Table 6.

Monolithic microspheres were produced from the components listed in this example

according to the method described in Example 1. The lyophilizate, resuspended with water or an

aqueous solution, contains monolithic microspheres with a diameter from 0.2 to 20 um.
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Table 6

 Example No. | 32/1 | 32/2 | 32/3 32/4 |
' Polymer R-202 RG-503 | RG-752 1 RG-858

Organic solvent Isopropyl acetate | Ethyl formate Isopropyl | Isopropyl |
| | acetate | acetate |

Inner aqueous phase 'PBS | PBS 'PBS Citrate |
: Continuous surfactant | F-68 | Tween-20 | Tween-80 | Tween-80
| phase | | | |

Figures 8a-b depict electron microscope images of microspheres produced in Examples
32/2 and 32/3.

5 Example 33

Microcapsules

Morphologically uniform microcapsules are produced according to the standard method

“induced phase transition method” as in Example 1, but without active principal.

Volume of the polymer solution: 750 mg of the corresponding polymer in Table 7 is

10

dissolved in 15 mL of the organic solvent listed in Table 7.

Inner phase: 5 mL PBS, pH 7.4 (50 mmol) or citrate buffer pH 6.5 (50 mmol) or Tris

buffer pH 9 (50 mmol).

Continuous surfactant phase: 50 mL aqueous solution contains 2 g of the surfactant listed

in Table 7.

13

Microcapsules were produced from the components listed in this example according to

the method described in Example 1. The lyophilizate, resuspended with water or an aqueous

solution, contains monolithic microspheres with a diameter from 0.2 to 20 um.

: Table 7
Polymer ~ |RG502H  |RG-755
Orga-ﬁic solvent Ethyl formate—rtlithmiethyl h-'Méthyl acetate Ethyl acétate_[
I | ketone | |
Inner aqueous phase PBS Citrate = | Tris Citrate l
Continuous surfactant | F-127 F-68 | F-127 F-68

phase
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Example 34

50 mg of the polymer Resomer@ RG-756 are dissolved 1in 15 ml of ethyl acetate and
transterred to a double wall ste;el vessel (internal height 11 cm; internal diameter 4 cm). 5 ml of
an aqueous S millimolar tristhydroxymethyl)aminomethane solution (pH 7.4), which contains
200 mg of HSA (human serum albumin), are then dispersed in the polymer solution with the help
of a mechanical stirrer (Dispermat-F1, VMA-Getzmann GmbH; 2 cm dissolver disk) over a
period of 3 minutes at 10,000 RPM at room temperature. 50 ml of a solution comprising 4%
Pluronic F-68 in a mixture of water and glycerin (1:1) are then added, with stirring (10,000
RPM), as the continuous phase. After stirring for approximately 30 seconds, the suspension of
micro-particles is transferred to a 500 ml double neck flask and stirred by means of a magnetic
stirrer. The ethyl acetate solvent is then removed at room temperature by applying a vacuum or
by means of extraction with water. After 2 hours, the suspension 1s washed with 6 liters of water
or an aqueous solution and evaporatively concentrated to the desired volume with the help of
centrifugation or filtration.

The purification and evaporative concentration can be carried out more gently with the
help of "cross flow" filtration by means of a Sartocon mini® system (Sartorius AG, Goéttingen).

The suspension, which is solvent-free and approximately surfactant-free, is mixed with a
cryo-protector (for example: with a sugar, sugar alcohol or polyvinylpyrrolidone derivative) and
then frozen as rapidly as possible, e.g. with liquid nitrogen, and freeze dried. The lyophilisate,
which 1s re-suspended with water or an aqueous solution, contains micro-particies with a human

serum albumin content of 20% and a diameter of 0.2 to 5 ym.

Example 35
50 mg of the polymer Resomer® RG-503 are dissolved in 15 ml of ethyl formate and

transferred to a double wall steel vessel (internal height 11 cm; internal diameter 4 cm). 5 ml of
an aqueous 50 millimolar PBS buffer solution (pH 7.4), which contains 100 mg of HSA (human
serum albumin), are then dispersed in the polymer solution with the help of a mechanical stirrer

(Dispermat-FT, VMA-Getzmann GmbH; 2 cm dissolver disk) over a period of 3 minutes at
10,000 RPM at room temperature.
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0 ml of a solution comprising 4% Pluronic F-68 in a mixture of water and glycerin
(40:60) are then added, with stirring (10,000 RPM), as the continuous phase. After stirring for
approximately 30 seconds, the suspension of micro-particles is transferred to a 500 ml double
neck flask and stirred by means of a magnetic stirrer.

The suspension of micro-particles 1s processed turther as in Example 34.

The lyophilisate, which is re-suspended with water or an aqueous solution, contains

micro-particles with a human serum albumin content of 10% and a diameter of 0.2 to 5 pm.

Example 36

Polymer: RG-858; quantity used: 750 mg of polymer are dissolved in 15 ml, in each case,
of the solvents that are listed in Table 8.

Surfactant solution: volume: 50 ml; 2 g of each surfactant that is listed in Table 8 are
dissolved in 50 ml of a mixture of water and glycerin (20:80). |

HSA solution: 100 mg of HSA are dissolved in 5 ml of a 10 millimolar
tris(hydroxymethyl)aminomethane solution (pH 7.4).

Micro-capsules, which are charged with HSA and which comprise the components that
are listed in this example, were prepared in accordance with the method that 1s described in

Example 34. The lyophilisate, which is re-suspended with water or an aqueous solution, contains

micro-particles with a diameter of 0.2 to 5 um.

Table 8

T-908 F-127 | P-1570 | L-1695

T-707
Methyl acetate

Ethyl acetate

Isopropyl acetate
Ethyl formate

Propyl formate

Isopropyl formate

Ethyl methyl

ketone
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The concentration of HSA amounts to 10% (w/w) 1n all the formulations that are listed in

Table 8.

Example 37
750 mg of the polymer Resomer® RG-752 are dissolved in 15 ml of ethyl acetate and

transterred to a double wall steel vessel (internal height 11 cm; internal diameter 4 cm). 5 ml of
an aqueous 10 millimolar PBS buifer solution (pH 7.4), which contains 50 mg of egg albumin,
are then dispersed in the polymer solution with the help of a mechanical stirrer (Dispermat-FT,
VMA-Getzmann GmbH; 2 cm dissolver disk) over a period of 3 minutes at 9,000 RPM at room
temperature.

50 ml .of a solution comprising 4% Pluronic F-127 in a mixture of water and glycerin
(25:75) are then added, with stirring (9,000 RPM), as the continuous phase. After a dispersing
time of 30 seconds, the suspension of micro-particles is transferred to a 500 ml double neck flask
and stirred by means of a magnetic stirrer. The ethyl acetate solvent is then removed at room
temperature by applying a vacuum, or by admitting nitrogen or air, or by means of extraction
with water. After 3 hours, the suspension is washed with 6 liters of water or an aqueous solution
and evaporatively concentrated to the desired volume with the help of centrifugation or filtration.
"Cross tflow" filtration is carried out by means of a Sartocon mini® system (Sartorius AG,
Gottingen) with a polyolefin membrane (cut off 0.2 um).

The suspension, which is solvent-free and approximately emulsifier-free, 1s mixed with a
cryo-protector (for example: with a sugar, sugar alcohol or polyvinylpyrrolidone derivative) and
then frozen as rapidly as possible, e.g. with liquid nitrogen, and freeze dried.

The lyophilisate, which is re-suspended with water or an aqueous solution, contains
micro-particles with a 5.5% concentration of the active substance. And a diameter of 0.2 to 5

Lm.

Example 38

750 mg of the polymer Resomer® RG-503 are dissolved in 15 ml of methyl acetate and
transferred to a double wall steel vessel (internal height 11 cm; internal diameter 4 cm). 5 ml of
an aqueous 10 millimolar PBS buffer solution (pH 7.4), which contains-50 mg of egg albumin,

are then dispersed in the polymer solution with the help of a mechanical stirrer (Dispermat-FT,
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VMA-Getzmann GmbH; 2 cm dissolver diskj over a period of 3 minutes at 9,000 RPM at room
temperature.

50 ml of a solutton comprising 4% Poloxamin T-707 in a mixture of water and glycerin
(20:80) are then added, with stirring (9,000 RPM), as the continuous phase. After a dispersing
time ot 30 seconds, the suspension of micro-particles is transferred to a 500 ml double neck flask
and processed further as in Example 37.

The lyophilisate, which is re-suspended with water or an aqueous solution, contains

micro-particles with a 5.5% concentration of the active substance and a diameter of 0.2 to 5 um.

Example 39
750 mg of the polymer Resomer® R(G-503 are dissolved in 15 ml of methyl acetate and

transterred to a double wall steel vessel (internal height 11 cm; internal diameter 4 cm). 5 ml of
an aqueous solution (pH 7.5), which contains 80 mg of insulin, are then dispersed in the polymer
solution with the help of a mechanical sturer (Dispermat-FT', VMA-Getzmann GmbH; 2 cm
dissolver disk) over a period of 3 minutes at 10,000 RPM at room temperature.

50 ml of a solution comprising 4% Pluronic F-68 in a mixture of water and glycerin
(20:80) are then added, with stirring (10,000 RPM), as the continuous phase. After a dispersing
time of 30 seconds, the su'spension of micro-particles is transferred to a 500 ml double neck flask
and stirred by means of a magnetic stirrer. The methyl acetate solvent is then removed at 20°C
by applying a vacuum, or by admitting nitrogen or air, or by means of extraction with water.
After 3 hours, the suspension is washed with 5 liters of water or an aqueous solution and
evaporatively concentrated to the desired volume with' the help of centrifugation or filtration.

"Cross flow" filtration takes place e.g. by means of a Sartocon mini® system (Sartorius AG,
Gottingen) with a polyolefin membrane (cut off 0.2 wm). The suspension, which is solvent-free

and approximately emulsifier-free, is frozen as rapidly as possible with liquid nitrogen, and

freeze dried.

The lyophilisate, which is re-suspended with water or an aqueous solution, contains
micro-capsules with a 8.5% concentration of the active substance. The micro-capsules possess a

diameter of 0.2 to 5 um.
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Example 40

750 mg of the polymer Resomer® R(G-503 are dissolved in 15 ml of methyl acetate and
transferred to a double wall steel vessel (internal height 11 cm; internal diameter 4 cm). 5 ml of
an aqueous solution (pH 7.5), which contains 60 mg of insulin, are then dispersed in the polymer
solution with the help of a mechanical stirrer (Dispermat-FI', VMA-Getzmann GmbH; 2 cm
dissolver disk) over a period of 3 minutes at 10,000 RPM at room temperature.

50 ml of a solution comprising 4% Pluronic F-127 in a mixture of water and glycerin
(20:80) are then added, with stirring (10,000 RPM), as the continuous phase. After a dispersing
time of 30 seconds, the suspension of micro-particles is transferred to a 500 ml double neck flask
and processed further as in Example 39.

The lyophilisate, which 1s re-suspended with water or an aqueous solution, contains

micro-patticles with a 6.5% concentration of the active substance and a diameter of 0.2 to 5 um.

Example 41
750 mg of the polymer Resomer® RG-303 are dissolved in 15 ml of methyl acetate and

transterred to a double wall steel vessel (internal height 11 cm; internal diameter 4 cm). 5 ml of
an aqueous solution (pH 3.2), which contains 40 mg of insulin, are then dispersed in the polymer
solution with the help of a mechanical stirrer (Dispermat-FT, VMA-Getzmann GmbH; 2 cm
dissolver disk) over a period of 3 minutes at 10,000 RPM at room temperature.

50 ml of a solution comprising 4% Pluronic F-68 in a mixture of water and glycerin
(20:80) are then added, with stirring (10,000 RPM), as the continuous phase. After a dispersing

time of 30 seconds, the suspension of micro-particles is transferred to a 500 ml double neck flask

and processed further as in Example 39.
The lyophilisate, which is re-suspended with water or an aqueous solution, contains

micro-particles with a 4.8% concentration of the active substance and a diameter of 0.2 to 5 um.

Example 42
750 mg of the polymer Resomer® RG-503 are dissolved in 15 ml of methyl acetate and

transterred to a double wall steel vessel (internal height 11.0 cm; internal diameter 4 cm). 5 ml

of an aqueous solution (pH 3.0), which contains 40 mg of insulin, are then dispersed in the
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polymer solution with the help of a mechanical stirrer (Dispermat-FT, VMA-Getzmann GmbH; 2
cm dissolver disk) over a period of 3 minutes at 10,000 RPM at room temperature.

50 ml of a solution comprising 4% Pluronic F-127 in a mixture of water and glycerin
(20:80) are then added, with stirring (10,000 RPM), as the continuous phase. After a dispersing
time of 30 seconds, the suspension of micro-particleé is transferred to a 500 ml double neck flask
and prdcessed further as in Example 39. |

The lyophilisate, which is re-suspended with water or an aqueous solution, contains

micro-particles with a 4.8% concentration of the active substance and a diameter of 0.2 to 4 pm.

Example 43

750 mg of the polymer Resomer® RG-503 are dissolved in 15 ml of methyl acetate and
transferred to a double wall steel vessel (internal height 11.0 cm; internal diameter 4 cm). 5 ml
of an aqueous solution (pH 7.5), which contains 40 mg of insulin, are then dispersed in the
polymer solution with the help of a mechanical stirrer (Dispermat-F1T, VMA-Getzmann GmbH; 2
cm dissolver disk) over a period of 3 minutes at 10,000 RPM at room temperature.

50 ml of a solution comprising 4% Pluronic F-68 in a mixture comprising S0 millimolar
citrate butfer of pH = 6.6 and glycerin (80:20) are then added, with stirring (10,000 RPM), as the

continuous phase. After a dispersing time of 30 seconds, the suspension of micro-particles is

. transferred to a 500 ml double neck flask and processed further as in Example 39.

The lyophilisate, which is re-suspended with water or an aqueous solution, contains

micro-particles with a 4.8% concentration of the active substance and a diameter of 0.2 to 4 um.

Example 44
750 mg of the polymer Resomer® RG-503 are dissolved in 15 ml of methyl acetate and

transferred to a double wall steel vessel (internal height 11.0 cm; internal diameter 4 cm). 5 ml
of an aqueous solution (pH 7.5), which contains 40 mg of insulin, are then dispersed in the
polymer solution with the help of a mechanical stirrer (Dispermat-FT, VMA-Getzmann GmbH; 2
cm dissolver disk) over a period of 3 minutes at 10,000 RPM at room temperature.

50 ml of a solution comprising 4% Pluronic F-127 in a mixture comprising 50 millimolar

citrate buffer of pH = 6.6 and glycerin (60:40) are then added, with stirring (10,000 RPM), as the
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continuous phase. After a dispersing time of 30 seconds, the suspension of micro-particles is
transferred to a 500 ml double neck flask and processed further as in Example 39.

The lyophilisate, which is re-suspended with water or an aqueous solution, contains

micro-particles with a 4.8% concentration of the active substance and a diameter of 0.2 to 4 um.

Example 45

2250 mg of the polymer Resomer® RG 504 is dissolved in 15 ml of a s.olvent mixture,
consisting of 70 vol.-% ethylformate and 30 vol.-% acetone, and transferred to a glass vessel
(inside height 10.5 cm, inside diameter 4.5 ¢cm). 4 ml of an aqueous 150 mg eST (equine
Somatotropine)-containing, 100 mmol/l glycine-buffered solution (pH 12), containing 0.1%

(w/v) polysorbate 20, is then dispersed by means of a mechanical agitator (Dispermat FT, VMA

‘Getzmann GmbH, 3.2 cm dissolver disc) in the polymer solution for 3 minutes at 6,000 rpm at

room temperature.

100 ml of a 4% pluronic F-68 solution in a citrate—buffer, 50 mmol/l with a pH of 5.4, is
then added as continuous phase during agitation (6,000 rpm). After 60 seconds of agitation, the
microparticle suspension is transferred to a 1000 ml two necked-flask and agitated with a
magnetic stirrer. The solvents, ethylformate and acetone, are eliminated at room temperature by
applying vacuum or by extraction with water. After 2 hours, the suspension is washed with app.
600 ml of water or an aqueous solution and concentrated by centrifuging or filtration to the
desired volume.

The solvent- and almost surfactant-free suspension is diluted with water or mixed with a
solution of a crydprotector (for example, with a sugar), frozen as quickly as possible (for
example, with liquid nitrogen or by placing in a —80°C freezer) and freeze-dried. The
lyophilizate, resuspended with water or an aqueous solution, contains microparticles with an
equine Somatotropin content of 6.0% (equine Somatotropin weight x 100/equine Somatotropin
weight + polymer weight = degree of loading) and these have a diameter of 5 to 10 um. The

encapsulation efficiency is at least 95%.

Example 46
2250 mg of the polymer Resomer” RG 504 is dissolved in 15 ml of a solvent mixture,

consisting ot 70 vol.-% ethyl formate and 30 vol.-% acetone, and transferred to a glass vessel
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(1nside height 10.5 cm, inside diameter 4.5 cm). 4 mi of an aqueous 300 mg eST (equine
Somatotropine)-containing, 100 mmol/l glycine-buffered solution (pH 12), containing 0.1%
(w/v) polysorbate 20, is then dispersed by means of a mechanical agitator (Dispermat FT, VMA
Getzmann GmbH, 3.2 cm dissolver disc) in the polymer solution for 3 minutes at 6,000 rpm at
room temperature.

100 ml of a 4% pluronic F-68 solution in a citrate—buffer, 50 mmol/l with a pH of 5.4, is
then added as continuous phase during agitation (6,000 rpm). After 60 seconds of agitation, the
microparticle suspension 1s transferred to a 1000 ml two necked-flask and agitated with a
magnetic stirrer. The solvents, ethyl formate and acetone, will then eliminated at room
temperature by applying a vacuum or by extraction with water. After 2 hours, the suspension is
washed with ca. 600 ml of water or an aqueous solution and concentrated by centrifuging or
filtration to the desired volume.

The solvent- and almost surfactant-free suspension is thinned down with water or mixed
with a solution of a cryoprotector (for example, with a sugar), frozen as quickly as possible (for
example, with liquid nitrogen or by placing in a —80°C freezer) and freeze-dried. The
lyophilizate, resuspended with water or an aqueous solution, contains microparticles with an
equine Somatotropin content of 11.0% (equine Somatotropin weight x 100/equine Somatotropin
weight + polymer weight = degree of loading) and these have a diameter of 5 to 13 um. The

encapsulation efficiency is at least 90%.

Example 47
2250 mg of the polymer Resomer® RG 504 is dissolved in 15 ml of a solvent mixture,

consisting ot 70 vol.-% ethyl formate and 30 vol.-% acetone, and transferred to a glass vessel
(inside height 10.5 cm, inside diameter 4.5 cm). 4 ml of an aqueous 450 mg eST (e.quihe
Somatotropine)-containing, 100 mmol/l glycine-buffered solution (pH 12), containing 0.1%
(w/v) polysorbate 20, is then dispersed by means of a mechanical agitator (Dispermat FT, VMA
Getzmann GmbH, 3.2 cm dissolver disc) in the polymer solution for 3 minutes at 6,000 rpm at
room temperature.

100 ml of a 4% pluronic F-68 solution in a citrate~buffer, 50 mmol/l with a pH of 5.4, is
then added as continuous phase during agitation (6,000 rpm). After 60 seconds of agitation, the

microparticle suspension is transferred to a 1000 ml two necked-flask and agitated with a
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magnetic stirrer. The solvents, ethyl formate and acetone, are eliminated at room temperature by
applying vacuum or by extraction with water. After 2 hours, the suspension is washed with app.
600 ml of water or an aqueous solution and concentrated by centrifuging or filtration to the
desired volume.

The solvent- and almost surfactant-free suspension is diluted with water or mixed with a
solution of a cryoprotector (for example, with a sugar), frozen as quickly as possible (for
example, with liquid nitrogen or by placing in a —80°C freezer) and freeze-dried. The
lyophilizate, resuspended with water or an aqueous solution, contains microparticles with an
equine Somatotropin content of 16.0% (equine Somatotropin weight x 100/equine Somatotropin
weight + polymer weight = degree of loading) and these have a diameter of 5 to 25 um. The

encapsulation efficiency 1s at least 90%.

Example 48

The microparticles of Examples 45-47 were evaluated in in vitro release tests. 9.8 —
10.2 mg of the freeze-dried microparticles were weighed into 25 ml-lyophilization vials. Two
vials were tested per time point, and the appropriate number of vials to perform up to a four
weeks in-vitro release study was prepared. 5 ml of 50 mmol/l phosphate buffered saline (PBS), of
pH 7.4, containing 0.1% Sodium azide and 0.1% polysorbate 20, was added and the vials were
placed on an orbital shaker at 130 rpm and 37C.

On predefined time intervals 2 vials per time point were removed. The microparticles
were separated from the release medium by centrifugation, washed two times with 4 ml of bi-
distilled water and were again centrifuged. The wet pellet was freeze-dried over night. The dried
remainder was accurately weighed into lyophilization vials and dissolved in dimethyl sulfoxide.
This solution was filtered through 0.22-yum filters prior to analysis and then assayed for eST
content using a reversed phase liquid chromatography (HPLC) method.

Figure 9 depicts the in vitro-release (over four weeks) from prepared eST microparticles.
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CLAIMS:

1. A process for the production of polymeric microparticles, comprising

dissolving a polymer in a halogen-free solvent that is at least partially water-
miscible, to form a polymer solution, said solvent being selected from acetone,
ethanol, methyl acetate, propyl acetate, isopropyl acetate, 1sobutyl acetate, butyl
acetate, alkyl formates, triacetin, triethyl citrate, C1-C4-alkyl lactates, methyl ethyl
ketone, methyl 1sobutyl ketone, tetrahydrofuran, dimethyl sulfoxide, 1-methyl-2-
pyrrolidone, 3-methyl-1-butanol, acetonitrile, PEG 100, PEG 400, N-methyl-
pyrrolidone, glycofurol, diethylcarbonate and 2-methyl-1-propanol and mixtures
thereof;

adding a hydrophilic active agent to the polymer solution to form a drug phase
contained in a vessel;

adding a predetermined amount of an aqueous surfactant phase to the vessel
containing the drug phase with mixing,

wherein Opolymer solvent — Oaqueous phase <O, said predetermined amount being
sufficient to (1) result in a volume fraction of the surfactant phase of at least 60%, and
(11) provide that the surfactant phase becomes the continuous phase and extraction
medium in order to extract an amount of said solvent from said drug phase such that a
suspension of microparticles is produced upon addition of the surfactant phase to the
drug phase without the formation of an intermediate W/O/W double emulsion and

without requiring removal of the solvent from the vessel.

2. A process according to claim 1 further comprising removing the solvent.

3. A process according to claim 2 wherein the solvent i1s removed by washing,

filtration, vacuum, or evaporation.

4, A process according to claim 1 wherein the solvent has a water solubility of

1.5 to 40 wt% in water.

3. A process according to claim 4 wherein the solvent solubility is at least 5 wt%

1n water.
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6. A process according to claim 5 wherein the solvent solubility is at least 10

wi% 1n water.

7. A process according to claim 1 wherein the volume fraction of the surfactant
phase 1s 65% to 75%.
8. A process according to claim 1 wherein the volume ratio of polymer

phase:surfactant phase i1s within the range 1:2 to 1:30.

9. A process according to claim 8 wherein the ratio 1s 1:2 to 1:20.

10. A process according to claim 1 further comprising adding a water-miscible
co-solvent to the surfactant phase wherein said polymer solvent is soluble in said

co-solvent and said polymer is not soluble in said co-solvent.

11. A process according to claim 10 wherein said co-solvent is selected from the

group consisting of alcohols, polyethylene glycol, and ethers.

12. A process according to claim 11 wherein the co-solvent is selected from the

group consisting of ethanol, methanol, 1sopropyl alcohol, and polyethylene glycol.

13. A process according to claim 1 further comprising adding a buffer to the drug

solution.

14. A process according to claim 1 further comprising adding a buffer to the

surtactant phase.

15. A process according to claim 14 wherein the polymer is not soluble in the

surfactant phase.

16. A process according to claim 1 wherein the microparticles comprise

microcapsules.
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17. A process according to claim 1 wherein the microparticles comprise

microsponges.

18. A process according to claim 1 wherein the microparticles comprise

microspheres.

19. A process according to claim 1 further comprising adding a viscosity modifier

to the aqueous surtactant phase.

20. A process according to claim 19 comprising 5 to 50 wt% of the viscosity
modifier.
21. A process according to claim 20 wherein the viscosity modifier is selected

from the group consisting of glycerol, hyaluronic acid, cellulose polymers and

derivatives thereot, chitosane, or polyethylene glycol.

22.  The process according to claim 13; wherein the buffered solution is selected
from the group consisting of a phosphate buffer solution, a citrate buffer solution and

tris(hydroxymethyl)aminomethane solution.

23. A process according to claim 1 wherein the polymer is selected from the group
consisting of polyamides, polyanhydrides, polyesters, polyorthoesters, polyacetates,

polylactones, and polyorthocarbonates.

24. A process according to claim 23 wherein the polymer is selected from the
group consisting of polyesters of a-, B- and y-hydroxycarboxylic acids, or block

copolymers of polyesters of a-, B- and y-hydroxycarboxylic acids and linear or star

poly(ethylene glycols).

25. A process according to claim 24 wherein the polymer comprises a poly lactide

co-glycolide polymer.
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26. A process according to claim 1 wherein the partially water-miscible solvent is
selected from the group consisting of acetone, ethanol, methyl acetate, propyl acetate,
1sopropyl acetate, 1sobutyl acetate, butyl acetate, alkyl formates, triacetin, triethyl

citrate, and alkyl lactates or mixtures thereof.

27. A process according to claim 26 wherein the solvent is selected from the
group consisting of ethanol, acetone, methyl acetate, propyl acetate, isopropyl acetate,
butyl acetate, methyl formate, ethyl formate, propyl formate, isopropyl formate, butyl

formate, triacetin, triethyl citrate, methyl lactate, ethyl lactate or mixtures thereof.

28. A process according to claim 1 wherein the surfactant is a non-ionic

surfactant.

29.  Microparticles produced by the process according to any one of claims 1, 5, 7,
23, or 25.
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